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Tlic  aim  in  writing  this  bcx)k  Has  been  to  give  data,  details  and  tables  for  the  design  and 
OMBtruction  of  steel  bridges  and  buildings.  The  book  is  written  for  the  structural  engineer  and 
(or  the  student  or  engineer  who  has  had  a  thorough  course  in  applied  mechanics  and  the  calcu- 
iMion  of  stresses  in  structures.  To  this  end  data  and  tables  that  will  be  of  semce  to  the  designing 
aod  ooftstmcting  engineer  have  been  given,  rather  than  predigested  data  and  designs  that  might 
beived  by  the  untrained.  The  book  is  intended  as  a  working  manual  for  the  engineer,  draftsman 
sod  ftuileot  and  covers  data*  details  and  tables  for  the  design  of  the  struct yres  ordinarily  met 
nitlL  Swing  and  movable  bridges*  cantilever  and  suspcn.sion  bridges  require  special  treatment 
•nil  hsLV<c  not  been  considered.  As  the  book  is  intended  to  supplement  the  present  books  on 
tts«Bftc»  the  calculation  of  stresses  in  bridges  and  buildings  has  betvn  only  briefly  considered. 
The  calculation  of  stresses  in  retaining  walls,  bins*  stand-pipes,  and  other  structures  not  ordinarily 
/-'tv#.rv*«J  In  text -books  on  stresses  have  been  given  in  compact  form.  Great  care  has  been  used 
-  examples  of  structures  that  represent  standard  practice.  With  a  few  exceptions  the  draw- 
ings 'A  details  of  structures  have  been  especially  prefiared  for  this  bo<»k  from  actual  working  plans. 
Tlr  bcx>k  is  a  source  book  and  is  not  a  treatise,  and  is  intended  to  furnish  data  and  details  that 
bi  ily  to  a  few  engineers^  and  standard  sptx^ifications  for  materialsand  workmanship 

f':  le  only  in  transactions  of  societies  and  in  special  tre^ttis'-^s 

;;iving  properties  of  columns*  top  chorcjs   ^jljfte'git^dcn  ?nH  'ilnUs  have  been  cal* 

Illy  for  this  htjok,  and  are  original  in  nic»terf4^ md  Arrangement,     In  calculating 

«nly  those  sections  which  comply  w^ith  stirttfercl  ^p^-Mic^tions  have  been  given.     The 

,^,.,  .  — c  been  calculated  by  the  use  of  calculating  macVn;.*3  ^nn  havt?  beer,  checked  with  great 

ttfiL     TIkc  value*  will  be  found  to  be  correct  to  one  unit  in  Ifie  !ast  pbrc  given.  *  Properties  of 

Cafnrgie  and  Bethlehem  secrions  arc  given  in  a  com fjactf  foi^iMor  e^y' reference.     The  tangents 

H  iJbe  Mng\e  of  the  axis  giving  the  least  radius  of  gyratic^.,  giV^n  in  the  tables  giving  properties 

ol  Games'^  angk^s,  were  taken  from  Cambria  Steel-     With  the  exception  of  a  few  special  1  beams 

anti  rhaaneU  the  tables  may  be  used  for  Cambria,  Pencoyd  and  Jones  &  Latighlin  angles,  1  beams 

'taaocls.     The  American  Bridge  Company  standards  for  eye-bars*  l<x>|>bars,  clevises*  pins» 

her  fitnictuml  details  are  gi\x'n,     Taldcs  of  logarithms*  function  of  angles  and  tables  that 

Oft!  easily  available  have  not  bce^n  included. 

Tbe  »i«c  of  the  b<x>k  and  the  si^c  of  the  type  page  were  selected  for  the  reasons  that  they  give 
llbciolt  of  standard  site  with  a  type  page  lai^ge  enough  so  that  each  table  can  come  squarely  on  one 
|B^,  jtnti  lai^e  enough  so  that  complete  plans  of  structures  can  be  given.  A  large  clear  type  was 
Kl«ctefi  f<^  lK)th  the  text  and  for  the  tables.  The  paper  has  been  selected  with  the  idea  of  dear- 
•BMCkf  the  printed  page. 

This  book  is  a  result  of  many  years'  work,  during  which  time  the  author  has  written  four 
loolci  on  *"  V      In  writing  this  book  the  author  has  drawn  on  his  other  Ixw^iks^ 

a!t!jn«fh  ri  i  given  on  steel  mill  buildings  and  highway  bridges  is  new,  and  the 

(jfrnl  En^fiEeiv'  Handbook  supplements  the  author's  other  books. 

ITS  .»n/J  drtjiils  have  been  obtained  fn:>m  many  sources,  to  which  credit  has  been  given  in 
The  author  is  under  special  obligation  to  many  engineers,  to  which  special 
>^«iB>*i^  <«.  ^^.inot  be  mode  on  account  of  lack  of  space. 


vi  PREFACE 

In  writing  this  book  the  author  has  been  assisted  by  several  of  his  former  students.  Credit 
is  due  to  Mr.  I.  C.  Crawford,  Instructor  in  Civil  Engineering,  for  assistance  in  calculating  tables 
and  reading  proof;  to  Mr.  C.  S.  Sperry,  Instructor  in  Engineering  Mathematics,  for  assistance  in 
calculating  tables;  to  Professor  H.  C.  Ford,  of  Iowa  State  College,  and  Mr.  T.  A.  Blair,  Instructor 
in  Civil  Engineering,  for  assistance  in  preparing  the  drawings;  and  especially  to  Mr.  W.  C.  Hunt- 
ington, Assistant  Professor  of  Civil  Engineering,  for  assistance  in  arranging  and  calculating  tables, 
reading  proof  and  assistance  in  other  ways. 
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editions. 
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Introduction. — ^The  book  is  divided  into  two  parts  which  are  self  contained.  Part  I  includes 
a  discussion  of  the  design  of  stnictures  and  gives  data  and  details  for  the  design  of  steel  bridges 
and  buildings.  Part  II  contains  tables  for  strtictural  design  and  includes  tables  giving  the  proper- 
tics  of  rolled  sections,  properties  of  built-up  sections  for  chords,  columns,  struts,  plate  girders, 
etc,  and  data  for  standard  structural  details. 

PART  I. 

Data  and  Details  for  the  Design  and  Construction  of  Steel  Bridges 

AND  Buildings. 

Introduction. — ^The  discussion  in  Part  I  has  been  limited  to  steel  bridges  and  buildings  and 
other  simple  steel  structures;  no  reference  being  made  to  swing  and  movable  bridges,  cantilever 
and  suspension  bridges.  The  design  of  a  bridge  includes  the  design  of  the  substructure  as  well  as 
the  superstructure,  so  that  the  design  of  retaining  walls  and  bridge  abutments  has  been  briefly 
discussed.  Timber  trestles  and  bridges  are  required  for  temporary  structures  and  for  the  erection 
of  steel  structures,  and  a  brief  discussion  of  timber  trestles  and  bridges  is  therefore  properly 
included. 

The  design  of  a  structure  requires  not  only  a  knowledge  of  the  properties  of  materials  and  the 
ability  to  calculate  the  stresses,  but  also  a  knowledge  of  local  conditions  and  requirements,  of 
economic  design,  of  details  of  construction,  of  methods  of  erection,  methods  of  fabrication  and 
their  effect  on  cost,  and  of  many  other  matters  which  limit  the  design.  The  most  economical 
structure  for  any  given  conditions  is  the  one  which  will  give  the  greatest  service  for  the  least 
money,  quality  of  service  and  the  life  of  the  structure  being  given  proper  consideration.  Financial 
limitations  often  limit  the  design  and  the  problem  then  is  to  design  a  structure  that  will  give 
satisfactory  service  with  the  money  available. 

To  design  a  satisfactory  structure  when  limited  by  financial  considerations  is  a  problem  that 
requires  the  exercise  of  the  highest  ]x>ssible  skill  on  the  part  of  the  engineer.  He  must  be  able  to 
xkctan economical  type  of  structure;  he  must  make  an  accurate  estimate  of  the  loads  to  be  carried 
by  the  structure;  he  must  be  able  to  calculate  the  stresses  with  accuracy;  he  must  make  the  de- 
^^  design  with  due  reference  to  ease  of  obtaining  the  material,  the  cost  of  shop  work,  and  the 
c«t  of  erection. 

The  shop  cost  of  steel  structures  varies  with  the  type  of  structure,  the  size  and  weight  of  the 
™onbers  and  upon  the  make-up  of  the  members  and  the  details.  By  using  fewer  and  larger  mem- 
^.by  using  rolled  beams  and  columns  in  the  place  of  built-up  plate  girders  and  columns,  and  by 
'^ngtie  plates  in  the  place  of  lacing,  the  shop  cost  per  pound  of  a  railroad  bridge  may  be  materially 
|wuced.  If  the  simplification  of  the  design  is  carried  too  far  the  reduction  in  shop  cost  will  result 
">  a  material  increase  in  the  weight  of  the  bridge,  and  in  an  increase  in  the  cost  of  the  bridge, 
*ith  a  decrease  in  efficiency.  The  details  of  the  design  of  a  structure  should  be  worked  out  with 
''rference  to  ease  and  economy  of  erection  as  well  as  ease  and  low  cost  of  fabrication.  While  the 
^^^odardizii^  of  connections  so  that  multiple  punches  may  be  used  may  result  in  a  considerable 
a  I 
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saving  in  shop  cost,  it  often  results  in  a  material  increase  in  the  weight  of  the  details  of  the  struc- 
ture, and  in  the  number  of  field  rivets,  so  thac  the  efficiency  of  the  structure  is  not  increased, 
and  the  final  cost  of  the  structure  is  not  reduced.  The  author  has  in  mind  a  case  where  to  change 
the  details  of  a  plate  girder  so  that  multiple  punches  might  be  used  required  the  addition  of  details 
equal  to  5  per  cent  of  the  weight  of  the  span  and  the  addition  of  25  per  cent  to  the  number  of  field 
rivets,  with  no  increase  in  efficiency. 

The  best  results  are  obtained  when  the  structural  engineer  prepares  carefully  worked  out 
detail  drawings  (not  shop  drawings)  in  which  the  efficiency  of  the  structure,  ease  of  fabrication 
and  ease  of  erection  are  given  due  consideration.  The  shop  drawings  may  then  be  prepared  by 
the  bridge  company  to  take  the  greatest  possible  advantage  of  improved  shop  methods  without 
decreasing  the  efficiency  of  the  structure,  or  increasing  the  total  weight,  or  increasing  the  cost  of 
erection. 

Part  I  is  divided  into  seventeen  chapters,  of  which  the  first  eleven  chapters  cover  different 
types  of  structures,  and  the  last  six  chapters  cover  subjects  which  apply  to  all  types  of  steel  con- 
struction. While  the  aim  has  been  to  present  the  largest  possible  amount  of  information  in  the 
limited  space,  each  subject  presented  is  discussed  briefly  in  a  logical  order. 

While  the  author  has  drawn  on  his  other  books  in  the  various  chapters,  the  reader  will  find 
much  new  material  on  the  subjects  covered  in  the  other  books,  especially  in  Chapter  I,  Steel  Roof 
Trusses  and  Mill  Buildings,  and  Chapter  III,  Steel  Highway  Bridges,  so  that  this  book  supple- 
ments the  author's  other  books  on  structures.  Each  chapter  is  self-contained,  the  illustrations 
and  tables  being  numbered  independently  of  the  other  chapters.  As  far  as  possible  the  different 
subjects  are  discussed  fully  in  each  chapter,  thus  reducing  cross-references.  The  most  of  the 
cross-referencing  is  made  through  the  index,  which  together  with  the  table  of  contents  will  be 
found  invaluable  to  the  reader. 


CHAPTER  I. 
Steel  Roof  Trusses  and  Mill  Buildings. 

Defloitioiis. — ^The  following  definitions  will  assist  the  reader  in  a  study  of  roof  trusses  and 
steel  frame  buildings. 

Tniss*^ — A  truss  is  a  framed  structure  in  which  the  members  are  so  arranged  and  fastened 
at  their  ends  that  external  loads  applied  at  the  joints  of  the  truss  will  cause  only  direct  stresses 
in  the  members.  In  its  simplest  form  a  truss  is  a  triangle  or  a  combination  of  triangles.  In  this 
chapter  it  will  be  assumed  (i)  that  the  structure  is  not  constrained  by  the  reactions,  (2)  that  the 
axes  of  the  members  meet  in  a  common  point  at  the  joints,  and  (3)  that  the  joints  have  friction- 
leas  hinges. 

Transrerse  Bent. — A  transverse  bent  consists  of  a  truss  supported  at  the  ends  on  columns 
and  braced  against  longitudinal  movement  by  knee  braces  attached  to  the  lower  chord  of  the 
truss  and  to  the  columns. 

PnzliiL — A  beam  that  rests  on  the  top  chords  of  roof  trusses  and  supports  the  sheathing 
that  carries  the  roof  covering,  or  supports  the  roof  covering  directly,  or  supports  rafters. 

Rafter. — A  beam  that  rests  on  the  purlins  and  supports  the  sheathing,  or  may  support  sub- 
puriins.     Rafters  are  not  commonly  used  in  mill  buildings. 

Sob-purlin. — ^A  secondary  system  of  purlins  that  rest  on  the  rafters  and  arc  spaced  so  as  to 
support  the  tile  or  slate  covering  directly  without  the  use  of  sheathing. 

Sheathing. — ^A  covering  of  boards  or  reinforced  concrete  that  is  carried  on  the  purlins  or 
rafters  to  furnish  a  support  for  the  roof  covering. 

Girt — A  beam  that  is  fastened  to  the  columns  to  support  the  side  covering  either  directly 
or  to  support  the  side  sheathing. 

Monitor  Ventilator. — A  framework  at  the  top  of  the  roof  that  carries  fixed  or  movable  louvres, 
or  nsh  in  the  clerestory. 

Clerestory. — The  clear  opening  in  the  side  framework  of  a  monitor  ventilator  of  a  building, 
also  the  clear  opening  on  the  side  of  a  building. 

Louvres. — Slats  made  of  metal  or  wood  which  are  placed  in  the  clerestory  of  a  monitor 
ventilator  to  keep  out  the  storm.  Louvres  may  be  fixed  or  movable.  The  opening  of  a  monitor 
ventilator  is  also  called  a  louvre. 

PkneL — ^The  disUnce  between  two  joints  in  a  roof  truss  or  the  distance  between  purlins. 

Bay. — ^The  distance  between  two  trusses  or  transverse  bents. 

Pftch. — ^The  pitch  of  a  truss  is  the  center  height  of  the  truss  divided  by  the  span  where  the 
truss  is  symmetrical  about  the  center  line. 

Other  terms  are  defined  when  they  are  first  used. 

Data  for  thb  Design  op  Roof  Trusses  and  Steel  Frame  Buildings. 
,         Weight  of  Roof  Trusses.— The  weight  of  roof  trusses  varies  with  the  span,  the  distance 
^^ctween  trusses,  the  load  carried  or  capacity  of  the  truss,  and  the  pitch. 
The  empirical  formula 


^■4l^-^('+^)  (» 
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W  =■  weight  of  steel  roof  truss  in  pounds; 

P  =>  capacity  of  truss  in  pounds  per  square  foot  of  horizontal  projection  of  roof  (30  to  80  lb.); 

A  =  distance  center  to  center  of  trusses  in  feet  (8  to  30  ft.); 

L  »  span  of  truss  in  feet; 
was  deduced  by  the  author  from  the  computed  and  shipping  weights  of  mill  building  trusses  of 
the  Fink  type. 

Weight  of  Purlinsi  GirtS|  Bracingi  and  Columns. — Steel  purlins  will  weigh  from  1}  to  4  lb. 
per  sq.  ft.  of  area  covered,  depending  upon  the  spacing  and  the  capacity  of  the  trusses  and  the 
snow  load.  Girts  and  window  framing  will  weigh  from  i  i  to  3  lb.  per  sq.  ft.  of  net  surface.  Brac- 
ing is  quite  a  variable  quantity.  The  bracing  in  the  planes  of  the  upper  and  lower  chords  will 
vary  from  §  to  i  lb.  per  sq.  ft.  of  area.  The  side  and  end  bracing,  eave  struts  and  columns  will 
weigh  about  the  same  per  sq.  ft.  of  surface  as  the  trusses. 

Weight  of  Roof  Covering. — ^The  weight  of  corrugated  iron  or  steel  covering  varies  from 
1 1  to  3  lb.  per  sq.  ft.  of  area.  The  weight  of  corrugated  steel  is  given  in  Tabic  I.  The  approxi- 
mate weight  per  square  foot  of  various  roof  coverings  is  given  in  the  following  table: 

Corrugated  steel,  without  sheathing i  to  3    lb. 

Felt  and  asphalt,  without  sheathing 2 

Tar  and  Gravel  Roofing,  without  sheathing 8  to  10 

Slate,  A  in.  to  }  in.,  without  sheathing 7  to  9 

Tin,  without  sheathing i  to  ij 

Skylight  glass,  A  in.  to  }  in.,  including  frames 4  to  10 

White  pine  sheathing  i  in.  thick 3 

Yellow  pine  sheathing  I  in.  thick 4 

Tiles,  flat 15  to  20 

Tiles,  corrugated 8  to  10 

Tiles,  on  concrete  slabs 30  to  35 

Plastered  ceiling 10 

The  actual  weight  of  roof  coverings  should  be  calculated  if  possible. 

Snow  Loads. — The  annual  snowfall  in  different  localities  is  a  function  of  the  humidity  and 
the  latitude  and  is  quite  a  variable  quantity.  The  amount  of  snow  on  the  ground  at  one  time 
is  still  more  variable.  The  snow  loads  given  in  Fig.  i  were  proposed  by  the  author  in  "The  Design 
^of  Steel  Mill  Buildings"  in  1903  and  have  been  generally  adopted. 


Fig.  I. 


35  40  45 

'  Lotitude  in  Degrees 
Snow  Load  on  Roofs  for  Different  Latitudes,  in  Pounds  per  Square  Focr* 


One  of  the  hoavieet  falls  of  snow  on  record  occurred  at  Boulder  and  Denver,  Colorado  oi 
Dec.  5  and  6,  1913,  when  36  inches  of  snow  weighing  9  lb.  per  cu.  ft.  fell  during  two  days.     Ma*: 
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flat  roofs  were  loaded  with  a  snow  load  of  more  than  30  lb.  per  sq.  ft.  and  roofs  with  a  pitch  of  one- 
half  carried  the  full  snow  load  of  27  lb.  per  sq.  ft.  of  horizontal  projection. 

A  high  wind  may  follow  a  heavy  sleet  and  in  designing  the  trusses  the  author  would  recom- 
mend the  use  of  a  minimum  snow  and  ice  load  as  given  in  Fig.  i  for  all  slopes  of  roofs.  The 
maximum  stresses  due  to  the  sum  of  this  snow  load,  the  dead  and  wind  loads;  the  dead  and  wind 
loads;  or  of  the  maximum  snow  load  and  the  dead  load  being  used  in  designing  the  members. 

"Il^d  Loads. — ^The  wind  pressure,  P,  in  pounds  per  square  foot  on  a  flat  surface  normal  to 
the  direction  of  the  wind  for  any  given  velocity,  V,  in  miles  per  hour  is  given  quite  accurately 
by  the  formula 

P  =  0.004  V^  (2) 

The  pressure  on  other  than  flat  surfaces  may  be  taken  in  per  cents  of  that  given  by  formula 
(2)  as  follows:  80  per  cent  on  a  rectangular  building;  67  per  cent  on  the  convex  side  of  cylinders; 
115  to  130  per  cent  on  the  concave  side  of  cylinders,  channels  and  flat  cups;  and  130  to  170  per 
cent  on  the  concave  sides  of  spheres  and  deep  cups. 

Recent  German  specifications  for  design  of  tall  chimneys  specify  wind  loads  per  square  foot 
as  follows:  26  lb.  on  rectangular  chimneys;  67  per  cent  of  26  lb.  on  circular  chimneys;  and  71 
per  cent  of  26  lb.  on  octagonal  chimneys. 

The  official  specifications  for  the  design  of  steel  framework  in  Prussia  have  recently  been 
amplified  in  the  matter  of  wind  pressures.  For  the  wind-bracing,  as  a  whole,  the  wind  pressure 
on  the  whole  building  is  to  be  taken  as  17  lb.  per  sq.  ft.  For  proportioning  individual  frame 
members,  girts,  studs,  trusses,  etc.,  a  higher  value  of  wind  pressure  must  be  assumed,  viz.,  28  to 
34  lb.  per  sq.  ft. 

It  would  seem  that  30  lb.  per  square  foot  on  the  side  and  the  normal  component  of  a  hori- 
sontal  pressure  of  30  lb.  on  the  roof  would  be  sufficient  for  all  except  exposed  locations.  If  the 
building  is  somewhat  protected  a  horizontal  pressure  of  20  lb.  per  square  foot  on  the  sides  is 
certainly  ample  for  heights  less  than,  say  30  feet. 

Wind  Pressure  on  Inclined  Surfaces. — The  wind  is  usually  taken  as  acting  horizontally 
and  the  normal  component  on  inclined  surfaces  is  calculated. 


Fig.  2. 

The  normal  component  of  the  wind  pressure  on  inclined  surfaces  has  usually  been  computed 
W  Hutton's  empirical  formula 

Pn  =  P'sinA'-^''^^-'  (3) 

^^^  P%  equals  the  normal  component  of  the  wind  pressure,  P  equals  the  pressure  per  square 
■OQton  a  vertical  surface,  and  A  equals  the  angle  of  inclination  of  the  surface  with  the  horizontal, 

%(2). 

The  formula  due  to  Duchemin 

^"       ^  I  -H  sin«  A  ^^^ 

)sr\  *"^  P.,  P  and  A  are  the  same  as  in  (3),  gives  results  considerably  larger  for  ordinary  roofs 

{  "^  Hutton's  formula,  and  is  coming  into  quite  general  use. 
«<  Tile  formula 

1^1  Pn  -  P-i4/45  (5) 
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where  Pn  and  P  are  the  same  as  in  (3)  and  (4),  and  A  is  the  angle  of  inclination  of  the  surfac 
in  degrees  (A  being  equal  to  or  less  than  45°),  gives  results  which  agree  very  closely  with  Hutton 
formula,  and  is  much  more  simple. 

Mutton's  formula  (3)  is  based  on  experiments  which  were  very  crude  and  probably  erroneou 
Duchemin's  formula  (4)  is  based  on  very  careful  experiments  and  is  now  considered  the  mo 
reliable  formula  in  use.  The  Straight  Line  formula  (5)  agrees  with  experiments  quite  close] 
and  is  preferred  by  many  engineers  on  account  of  its  simplicity. 

The  values  of  P.  as  determined  by  Hutton*s,  Duchemin's  and  the  Straight  Line  formula 
are  given  in  Fig.  3,  for  P  equals  20,  30  and  40  lb. 

It  is  interesting  to  note  that  Duchemin's  formula  with  P  equals  30  pounds  gives  practicall 
the  same  values  for  roofs  of  ordinary  inclination  as  is  given  by  Button's  and  the  Straight  Lin 
formulas  with  P  equals  40  pounds. 
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Fig.  3.    Normal  Wind  Load  on  Roof  According  to  Different  Formulas. 


Duchemin  has  also  deduced  the  formula 

Pa  =  P 


2  sin*  A 


I  4-  sin*  A 
where  Ph  in  (6)  equals  the  pressure  parallel  to  the  direction  of  the  wind,  Fig.  2;  and 


Pi=^  P- 


2  sin  A  'COS  A 


I  4-  sin'^  A 


(; 


where  Pi  in  (7)  equals  the  pressure  at  right  angles  to  the  direction  of  the  wind,  Fig.  2.  Pi  ma 
be  an  uplifting,  a  depressing  or  a  side  pressure.  With  an  open  shed  in  exposed  positions  tli 
uplifting  effect  of  the  wind  often  requires  attention.  In  that  case  the  wind  should  be  take 
normal  to  the  inner  surface  of  the  building  on  the  leeward  side,  and  the  uplifting  force  detennixie 
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bf  nabiK  fonmila  (7).  If  the  gables  are  dosed  a  deep  cup  is  formed,  and  the  normal  prci>»uje 
ttioilld  be  ificreased  30  to  70  per  cent. 

That  the  uplifting  force  of  the  wind  is  often  considerable  in  exposed  localities  is  made  evident 
by  tbe  fiwrt  that  highway  bridges  are  occasionally  wrecked  by  the  wind. 

Tbe  •rind  pressure  is  not  a  steady  pressure,  but  varies  in  intensity,  thus  producing  excessive 
which  cause  the  structure  to  rock  if  the  bracing  is  not  rigid.  The  bracing  in  mill 
should  be  designed  for  initial  tension,  so  that  the  building  will  be  rigid.  Rigidity  is 
d  mant  importance  than  strength  in  mill  buildings. 

MincfJlanecms  LoadK. — Data  on  the  weights  of  materials  are  given  in  Chapter  II.  The 
«di|^lt»  and  other  data  for  hand  cranes  are!  given  in  Table  153  and  of  electric  cranes  are  given 
!■  Table  150.  Pan  IL 

Mifiimum  Loads. — For  minimum  loads  to  be  calculated  on  roofs  see  {  27,  "Specifications  for 
Sieei  Frame  Buildings"  in  the  la.st  part  of  this  chapter, 

STRBSSKS  IN  ROOF  TRUSSES  AND  MILL  BUILDINGS.— For  the  calculation  of  the 
111  roof  trusses  and  tn  the  framework  of  steel  frame  mill  buildings,  see  the  author's  "  The 


^^:' 
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Design  of  Steel  Mill  BuiLDtNGS. 
Geoera]  Principlefi  of  Design. — The  general  dimensions  and  the  outline  of  a  mill  building 
arill  be  governed   by  local  conditions  and  requirtments.     The  questions  of  light,  heat*  venti- 
laiioo,   '  ions  for  machinerj\  handling  of  materials,  future  extensions,  first  co^t  and  cost 

of  Oki;  should  receive  proper  attention  in  designing  the  different  classes  of  structures. 

One  or  two  ol  the  above  items  often  determines  the  type  and  general  design  of  the  structure* 
Wbvfr  nral  estate  is  high,  the  first  cost,  including  the  cost  of  lx>th  land  and  structure,  causcj 
tbe  adoption  in  many  cases  of  a  multiple  sturs*  building,  while  on  the  other  hand  where  the  site 
m  no*  too  expensive  the  single  story  shop  or  mill  is  usually  preferred.  In  coal  tipples  and  shaft 
lKit0r«  I  be  handling  of  materials  is  the  prime  object;  in  railway  shops  and  factories  turning  out 
liairy  fliachtnery  or  a  similar  product,  foundations  for  the  machincr>'  required,  and  convenience 
materials  are  most  important;  while  in  many  other  classes  of  structures  such  as  weaving 
lills,  and  factories  which  turn  out  a  less  bulky  product  with  light  machinery,  and 
1  Urge  number  of  men,  the  principal  items  to  be  considered  in  designing  are  light, 
n  and  ease  of  su|X'rintendence, 

factories  are  preferably  l«X!ated  where  transportation  fadlitiea  are  good,  land  is 
cicap  aod  Ubur  pIcntifuL  Too  much  care  cannot  be  used  in  the  design  of  shops  and  factories 
fortiir  reason  that  defects  in  design  that  cause  inconvenience  in  handling  materials  and  workmen, 
iautaaiti  <XM»t  of  operation  and  maintenance  are  permanent  and  cannot  be  removed. 

The  br^  irt'xlern  practice  inclines  toward  single  floor  shops  with  as  few  dividing  walls  and 
lofiiiiofis  a»  possible.  The  advantages  of  this  type  over  multiple  story  buildings  arc  (i)  the 
liuit  ifi  bcttrr,  (2)  ventilation  is  better,  (3)  buildings  are  more  easily  heated,  (4)  foundations  for 
iiEit'hin*-r\'  are  cheaper,  (5)  machinery  being  set  directly  on  the  ground  causes  no  vibrationB  in 
thr  1-  )rs  arc  cheaper,  (7)  workmen  are  more  directly  under  the  eye  of  the  superin- 

timdt  ds  are  more  easily  and  cheaply  handled.  (9)  buildings  admit  of  indefinite 

cstRttiofi  in  any  direction.  (lo)  the  cost  of  construction  is  less»  and  (11)  there  is  less  danger  from 
dm»fr  due  f o  fire. 

The  iratb  of  eiiofsand  factories  are  made  (i)  of  brick»  stone,  or  concrete;  (2)  of  brick,  hollow 

riv  ^r  .  .n.  ^,.^^  curtain  walls  between  steel  columns;  (3)  of  expanded  metal  and  plaster  curtain 

'4)  of  concrete  slabs  fa^ened  to  the  steel  frame;  and  (5)  of  corrugated  steel  fastened 

icj  uir  *irt  1  ir.imc. 

The  rool  i»  cotninonly  supported  by  steel  trusses  and  framework,  and  the  roofing  may  be 
•laf«t.  r  I  or  other  composition,  tin  or  sheet  steel,  laid  on  hoard  sheathing  or  on 

oapcr.  ite  supported  directly  on  the  purlins,  or  corrugated  steel  supported  on 

faoard  •ht^tfciing  ur  «itr^lly  on  the  puHins.     Ulicre  the  slope  of  the  roof  is  flat  a  first  grade  tar 
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and  gravel  roof,  or  some  one  of  the  patent  composition  roofs  is  used  in  preference  to  tin,  and  on  i 
steep  slope  slate  is  commonly  used  in  preference  to  tin  or  tile.  Corrugated  steel  roofing  is  mucl 
used  on  boiler  houses,  smelters,  forge  shops,  coal  tipples,  and  similar  structures. 

Floors  in  boiler  houses,  forge  shops  and  in  similar  structures  are  generally  made  of  cinders 
in  round  houses  brick  floors  on  a  gravel  or  concrete  foundation  are  quite  common;  while  in  building 
where  men  have  to  work  at  machines  the  favorite  floor  is  a  wooden  floor  on  a  foundation  of  cinders 
gravel,  or  tar  concrete.  Where  concrete  is  used  for  the  foundation  of  a  wooden  floor  it  should  l> 
either  a  tar  or  an  asphalt  concrete,  or  a  layer  of  tar  should  be  put  on  top  of  the  cement  concreti 
to  prevent  decay.  Concrete  or  cement  floors  are  used  in  many  cases  with  good  results,  bu 
they  are  not  satisfactory  where  men  have  to  stand  at  benches  or  machines.  Wooden  racks  oi 
cement  floors  remove  the  above  objection  somewhat.  Where  rough  work  is  done,  the  upper  o 
wearing  surface  of  wooden  floors  is  often  made  of  yellow  pine  or  oak  plank,  while  in  the  bette 
classes  of  structures,  the  top  layer  is  commonly  made  of  maple.  For  upper  floors  some  one  o 
the  common  types  of  fireproof  floors,  or  as  is  more  common  a  heax^y  plank  floor  supported  oi 
beams  may  be  used. 

Care  should  tx:  used  to  obtain  an  ample  amount  of  light  in  buildings  in  which  men  arc  U 
work.  It  is  now  the  common  practice  to  make  as  much  of  the  roof  and  side  walls  of  a  trans 
parent  or  translucent  material  as  practicable;  in  many  cases  fifty  per  cent  of  the  roof  surface  i 
made  of  glass,  while  skylights  equal  to  twenty-five  to  thirty  jxt  cent  of  the  roof  surface  are  ver 
common.  Direct  sunlight  causes  a  glare,  and  is  also  objectionable  in  the  summer  on  account  o 
the  heat.  Where  windows  and  skylights  are  directly  exposed  to  the  sunlight  they  may  best  b 
curtained  with  white  muslin  cloth  which  admits  much  of  the  light  and  shades  perfectly.  Tb 
"saw  tooth"  type  of  r(K>f  with  the  shorter  and  glazed  tooth  facing  the  north,  gives  the  best  ligh 
and  is  now  coming  into  quite  general  use. 

Plane  glass,  ^nre  glass,  factory  ribbed  glass,  and  translucent  fabric  are  used  for  glazini 
windows  and  skylights.  Factory  ribbed  glass  should  Ix?  placed  with  the  ribs  vertical  for  th 
reason  that  with  the  ribs  horizontal,  the  glass  emits  a  glare  which  is  very  trying  on  the  eyes  o 
the  workmen.  Wire  netting  should  always  be  stretched  under  skylights  to  prevent  the  brokei 
glass  from  falling  down,  where  wire  glass  is  not  used. 

Heating  in  large  buildings  is  generally  done  by  the  hot  blast  system  in  which  fans  draw  th 
air  across  heated  coils,  which  are  heated  by  exhaust  steam,  and  the  heated  air  is  conveyed  b] 
ducts  suspended  from  the  roof  or  placed  under  the  ground.  In  smaller  buildingSi  direct  radiatio] 
from  steam  or  hot  water  pipes  is  commonly  used. 

The  proper  unit  stresses,  minimum  size  of  sections  and  thickness  of  metal  will  depend  upoi 
whether  the  building  is  to  l)e  permanent  or  temporary,  and  upon  whether  or  not  the  metal  i 
liable  to  be  subjected  to  the  action  of  corrosive  gases.     For  permanent  buildings  the  autho 

would  recommend  16,000  lb.  per  square  inch  for  allowable  tensile,  and  16,000  —  70  -  lb.  pe 

square  inch  for  allowable  compressive  stress  for  direct  dead,  snow  and  wind  ■treaaea  in  tnisse 
and  columns;  /  being  the  center  to  center  length  and  r  the  radius  of  gyration  of  the  member 
both  in  inches.  For  wind  bracing  and  flexural  stresses  in  columns  due  to  wind,  add  25  per  cen 
to  the  allowable  stresses  for  dead,  snow  and  wind  loads.  For  temporary  structures  the  abo\i 
allowable  stresses  may  be  increased  20  to  25  per  cent. 

The  minimum  size  of  angles  should  be  2"  X  2"  X  i",  and  the  minimum  thickness  of  plate 
}  in.,  for  both  permanent  and  temporary  structures.  Where  the  metal  will  be  subjected  ti 
corrosive  gases  as  in  smelters  and  train  sheds,  the  allowable  stresses  should  be  decreased  20  to  2[ 
per  cent,  and  the  minimum  thickness  of  metal  increased  25  per  cent,  unless  the  metal  is  full] 
protected  by  an  acid-proof  coating  (at  present  the  best  paints  do  little  more  in  any  case  thai 
delay  and  retard  the  corrosion). 

The  minimum  thickness  of  corrugated  steel  should  be  No.  20  gage  for  the  roof  and  No.  2: 
for  the  sides;  where  there  is  certain  to  be  no  corrosion  Nos.  22  and  24  may  be  used  for  the  roo 
and  sides  respectively. 
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Steel  Fr&me  Mill  Buildings. — The  framework  of  a  steel  frame  mill  building  consists  of  a 
of  traii&vcr«e  bt'nis,  which  carry  the  purlins  on  the  tops  of  the  trusses,  and  girts  on  the 
sides  of  the  cnlumne  to  carry  the  covering,  Fig.  4.  The  framework  is  braced  by  diagonal  bracing 
m  the  planes  of  the  nxif  and  the  sides  of  the  building,  and  in  the  plane  of  the  lower  chords.  A 
tfrnESsversc  bent  consists  of  a  roof  truss  supported  at  the  ends  on  columns  and  h  braced  against 
€fidwi«?  movement  by  means  of  knee  braces.  The  framing  plan  for  a  steel  frame  mill  building 
is  ibowfi  in  Fig.  4.  Steel  mill  buildings  are  also  made  with  end  trusses  in  place  of  the  end  framing 
«bovQ  in  Fig.  4. 
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Fig,  4.    Fhamewo&k  foe  a  Steel  Mill  Building. 


lypeft  of  Roof  Trusses, — Several  types  of  roof  trusses  are  shown  in  Fig,  5.  These  trusses 
bem  subtlividcd  so  that  the  purlins  will  come  at  the  panel  points,  and  will  not  have  a  spacing 
gl«s]rr  than  4  ft.  9  in.,  the  greatest  iipacing  allowed  for  corrugated  steel  roofing  when  laid  without 
•boifhiiiff.  The  Fink  trusses  shown  in  {a)  to  (g)  are  commonly  used  in  steel  frame  buildings 
lad  arr  very  ecnnnmiraK     The  other  types  of  trusses  need  no  explanation* 

Different  mctho«is  of  lighting  and  ventilating  buildings  through  the  roof  are  shown  in  Fig,  d, 

8«w  Tooth  Roofs. — The  common  type  of  saw  tooth  roof  is  shown  in  (m)  Fig,  6.     The  glazed 

Sk%  fa*'-  t?i»-  ni>rth  and  permits  only  indirect  light  to  enter  the  building,  thus  doing  away  with 

tbe  f '  ir>'ing  intensity  of  light  in  buildings  where  direct  sunlight  enters.     In  cold  climates 

the  %t)i.w  untt»  ihe  gutters  nearly  full  and  causes  loss  of  light  and  also  leakage  from  the  o\nef- 

The  modified  saw  tooth  roof  shown  in  («)  was  designed  by  the  author,  to  obviate 

»mmon  type  of  saw  tooth  roof.     The  modified  saw  tooth  roof  permits  tb^ 

;  and  more  economical  pitch  than  the  common  form  shown  in  (m). 

Ls. — A  number  of  the  common  forms  of  transverse  bents  are  shown  in  Fig»  7, 

;»  {b)t  (1/),  and  (A>  are  used  for  boiler  houses,  shops,  etc,  while  (c),  (e),  (/) 
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(a)  iOFT-SpAN  (b)  40 Fr-  Span  (c)  50 Ft-  Smm 


&;  60FT'5pan 


(e)  80  Ft  Span 


(f)  Modified  Fink  (g)  Cambered  Fink 

FINK  TRUSSES 


(h)  Howe 


(i)  Hybrid 


^.^tf^^ 


(J)  Pratt 


(k)  Modified  Pratt 


W  QUADRAN6ULAR  (m)  CAMEL     5ACK 

Fig.  5.    Types  of  Roof  Trusses. 
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Fig.  7.    Types  op  Transverse  Bents. 
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Fig.  8.    Roof  Arches. 
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and  ig)  are  used  for  shops  or  buildings  where  the  main  part  of  the  building  is  required  to  be  covero 
by  a  crane  and  side  sheds  are  used  for  lighter  work. 

Roof  Arches. — Roof  arches  are  used  where  a  large  clear  floor  space  is  required  as  in  coliseums 
exposition  buildings  and  train  sheds,  Fig.  8.  The  arches  are  braced  in  pairs  and  carry  the  roo 
covering.  Arches  may  have  one,  two  or  three  hinges,  or  may  be  made  without  hinges.  Three 
hinged  arches  are  statically  determinate  structures,  while  the  stresses  in  all  other  arches  an 
statically  indeterminate.  Arches  without  hinges  are  used  for  domes.  Three-hinged  roof  archei 
have  been  commonly  used  in  America,  although  the  two-hinged  roof  arch  is  more  economica 
and  has  many  advantages.  Arches  may  have  a  horizontal  tie  as  in  the  Chicago  Stock  Pavilioi 
and  the  Government  Building,  or  the  horizontal  reactions  may  be  carried  by  the  foundations 
as  in  the  St.  Louis  Coliseum,  Fig.  8.  For  the  calculation  of  the  stresses  in  three-hinged  and  two 
hinged  roof  arches,  see  the  author's  "The  Design  of  Steel  Mill  Buildings." 

Pitch  of  Roof. — The  pitch  of  a  roof  is  given  in  terms  of  the  center  height  divided  by  the  span 
for  example  a  6o-ft.  span  truss  with  }  pitch  will  have  a  center  height  of  15  ft.  The  minimun 
pitch  allowable  in  a  roof  will  depend  upon  the  character  of  the  roof  covering,  and  upon  the  kind 
of  sheathing  used.  For  corrugated  steel  laid  directly  on  purlins,  the  pitch  should  prxiferably  hi 
not  less  than  J  (6  in.  in  12  in.),  and  the  minimum  pitch,  unless  the  joints  are  cemented,  not  lea 
than  }.  Slate  and  tile  should  not  be  used  on  a  less  slope  than  J  and  preferably  not  less  than  J, 
The  lap  of  the  slate  and  tile  should  be  greater  for  the  less  pitch.  Gravel  should  never  be  used 
on  a  roof  with  a  greater  pitch  than  about  J,  and  even  then  the  composition  is  very  liable  to  run, 
Asphalt  is  inclined  to  run  and  should  not  be  used  on  a  roof  with  a  pitch  of  more  than,  say,  2  in, 
to  the  foot.  If  the  laps  are  carefully  made  and  cemented  a  gravel  and  tar  or  asphalt  roof  may  be 
practically  flat;  a  pitch  of  J  to  i  in.  to  the  foot  is,  however,  usually  preferred.  Tin  may  be  used 
on  a  roof  of  any  slope  if  the  joints  are  properly  soldered.  Most  of  the  patent  composition  roofings 
give  better  satisfaction  if  laid  on  a  roof  with  a  pitch  of  J  to  }.  Shingles  should  not  be  used  on  a 
roof  with  a  pitch  less  than  i,  and  preferably  the  pitch  should  be  J  to  }. 

Pitch  of  Truss. — There  is  very  little  difference  in  the  weight  of  Fink  trusses  with  horizontal 
bottom  chords,  in  which  the  top  chord  has  a  pitch  of  i,  },  or  J.  The  difference  in  weight  is  quite 
noticeable,  however,  when  the  lower  chord  is  cambered;  the  truss  with  the  J  pitch  being  thei 
more  economical  than  either  the  i  or  the  }  pitch.  Cambering  the  lower  chord  of  a  truss  mon 
than,  say,  1-40  of  the  span  adds  considerable  to  the  weight.  For  example  the  computed  weights 
of  a  6o-ft.  Fink  truss  with  a  horizontal  lower  chord,  and  a  6o-ft.  Fink  truss  with  a  camber  of  3  ft, 
in  the  lower  chord,  showed  that  the  cambered  truss  weighed  40  per  cent  more  for  the  J  pitch  and 

15  per  cent  more  for  the  i  pitch,  than  the  truss  having  the  same  pitch  with  horizontal  lowei 
chord.  It  is,  however,  desirable  for  appearance  sake  to  put  a  slight  camlxir  in  the  bottom  chords 
of  roof  trusses,  for  the  reason  that  to  the  eye  a  horizontal  lower  chord  will  appear  to  sag  if  \'ie>ved 
from  one  side. 

In  deciding  on  the  proper  pitch,  it  should  be  noted  that  while  the  J  pitch  gives  a  better  slope 
and  has  a  less  snow  load  than  a  roof  with  i  or  7  pitch,  it  has  a  greater  wind  load  and  more  fooI 
surface.  Taking  all  things  into  consideration  \  pitch  is  probably  the  most  economical  pitch  for  a 
roof.  A  roof  with  J  pitch  is,  however,  very  nearly  as  economical,  and  should  preferably  be  used 
where  corrugated  steel  roofing  is  used  without  sheathing,  and  where  the  snow  load  is  large. 

Spacing  of  Trusses  and  Transverse  Bents. — The  weight  of  trusses  and  columns  per  square 
foot  of  area  decreases  as  the  spacing  increases,  while  the  weight  of  the  purlins  and  girts  per  square 
foot  of  area  increases  as  the  spacing  increases.  The  economic  spacing  of  the  trusses  is  a  function 
of  the  weight  per  square  foot  of  floor  area  of  the  truss,  the  purlins,  the  side  girts  and  the  columns, 
and  also  of  the  relative  cost  of  each  kind  of  material.  For  any  given  conditions  the  spacing 
which  makes  the  sum  of  these  quantities  a  minimum  will  be  the  economic  spacing.  It  is  desirable 
to  use  simple  rolled  sections  for  purlins  and  girts,  and  under  these  conditions  the  economic  spacing 
will  usually  be  between  16  and  25  ft.  The  smaller  value  being  about  right  for  spans  up  to,  say, 
60  ft.,  designed  for  moderate  loads,  while  the  greater  value  is  about  right  for  long  spans,  designed 
for  heavy  loads. 


CalculaTions  of  a  scries  of  simple  Fink  trusses  resting  on  walls  and  having  a  uniform  span 
of  60  ft.  and  different  spacings  gave  the  least  weight  per  square  foot  of  homontal  projection  of 
the  roof  for  a  spacing  of  18  ft.,  and  the  least  weight  of  trusses  and  purlins  combined  for  a  spacing 
of  10  ft.  The  weight  of  trusses  per  square  foot  was,  however,  more  for  the  10-ft.  spacing  than 
for  the  18-ft,  spacing,  so  that  the  actual  cost  of  the  steel  in  the  roof  was  a  minimum  for  a  spacing 
of  about  16  ft.;  the  shop  cost  of  the  trusses  per  lb.  being  several  times  that  of  the  purlins.  Local 
conditiDns  and  requirements  usually  control  the  spacing  of  the  trusses  so  that  it  is  not  necessary 
lh4t  wc  know  the  economic  spacing  ver>^  definitely. 

For  iong  spans  the  economic  spacing  can  be  increased  by  using  rafters  supported  on  heavy 
pttrhns,  placed  at  greater  distances  than  would  be  required  if  the  roof  were  carried  directly  by  the 
purlinA.  This  method  is  frequently  used  in  the  design  of  train  sheds  and  roofs  of  buildings  where 
pUiik  iiieathtng  is  used  to  support  slate  or  tile  coverings,  or  where  the  tiles  arc  supported  by 
■.ngle  Aob^purlins  spaced  close  together  as  shown  in  Fig.  13* 

Tmss  Details.^ — ^ Riveted  trusses  are  commonly  used  for  mill  buildings  and  similar  structure*. 
For  (irdiaar>'  loads  the  chord  sections  are  commonly  made  of  two  angles,  F1g.  to*  P^or  heavy 
Innff?  the  chords  may  be  made  of  two  channels.  Fig.  12*  Where  the  purlins  are  not  placed  at  the 
p  ^  the  upper  chord  must  be  designed  for  flexure  as  well  as  for  direct  stress.     Two  angles 

'  ical  plate  make  an  excellent  section  where  the  chord  must  take  both  direct  and  flexural 
Trusses  supported  on  masonry  walls  should  ha%^e  one  end  supp<jrted  on  sliding  plates 
I  up  to  70  ft.,  for  greater  lengths  of  span  rollers  or  a  rocker  should  be  used.  Shop  drawings 
of  a  Btcci  roof  truss  are  given  in  Fig.  lo.  Details  of  the  end  connections  of  trusses  resting  on  walb 
and  f««tiM>cH  to  columns  are  given  in  Fig.  11.  Details  of  truss  joints  are  given  in  Fig.  u,  Wher- 
rwr  passible,  truss  joints  should  be  so  designed  that  the  joint  will  not  be  eccentric. 

Details  of  Roof  Framing,— Rorif  trusst-s  and  transverse  bents  should  be  braced  transversely 
•ith  Vertical  framework  and  bracing  to  give  the  roof  framing  lateral  stability.  The  bracing  may 
be  pbced  in  the  center  line  of  the  building  as  in  Fig.  12,  or  at  the  quarter  points  as  in  Fig*  4; 
long  fSkn  trusses  should  be  braced  at  both  the  center  and  the  quarter  points.  Details  of  roof 
bunifi^  giving  methods  of  bracing  roof  trusses  and  transverse  bents  are  given  in  Fig.  4^  Fig*  41^ 
mod  Fig.  4^. 

DhjuIs  of  a  roof  truss  and  roof  framing  to  carry  a  LudowM*ci  tile  roof  without  sheathing,  aro 

I  to  Fig,  13.     The  tiles  arc  carried  on  sub-purlins,  the  sub-purlins  are  supported  by  mftcrs, 

\  are  io  turn  supported  by  the  purlins. 

CofaUBaa. — The  common  forms  of  columns  used  in  mill  buildings  are  shown  in  Fig.  14.     For 

MtMlomfls  with  light  loads  column  (g)  composed  of  four  angles  laced  is  very  satisfactory,  while 

ler  iille  Qolitmns  that  take  bending  and  heavy  loads  column  (/)  cumjx»&ed  of  four  angles  and  a 

plate  is  the  most  satisfactor>^  column.     Columns  (a),  (b),  (c),  (rf),  (e)  and  (j)  are  used  to  carry 

brar^'  loa*h.     The  1  beam  and  the  angle  columns  are  used  for  end  and  comer  columns,  respec- 

of  a  four  angle  laced  column  and  a  four  angle  and  plate  column  are  shown  in 

[-  rjf  a  heavy  column  and  a  li)*\n  column  made  of  two  channels  laced  are  sbow^n 

CfjF  K  \TED  STEEL.— Corrugated  steel  is  rolled  to  U.  S.  standard  gage.  The  weights 
ot  flat  '  t  '^tmigatcd  steel  for  different  gages  and  thickness  are  gi\'en  in  Table  1.     Corru- 

gated wdbr.:  fing  is  rolled  as  shown  in  Fig.  17.     The  special  corrugated  steel  in  (b)  Fig,  17 

iat«i»aiiiQL>  u  ^ ::  t.^r  roofing,  and  the  corrugated  steel  in  (c)  is  used  for  siding. 

Hit  «Ufidard  vtock  lengths  vary  by  single  feet  from  4  ft,  to  10  ft.  Sheets  can  be  obtained 
aaiMlgW  11  fi**  but  i.il  and  cost  5  per  cent  extra  and  wtll  delay  the  order. 

T1»f9oriln4i  fcir  \  steel  without  sheathing  should  be  spaced  for  a  load  of  30  lb.  per 

■q*  f t  ts  for  25  lb.  pt^r  sq.  ft,  on  the  sides,  as  given  in  Fig.  18. 

]  ^teel  as  given  in  Fig.  19  are  standard  with  the  McCUntic- Marshall 

COBlTMCtiOO  Compaity  and  the  Americaji  Bridge  Company. 
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Fig.  II.     Details  of  Truss  Connections  and  Joints. 
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Half        Transversa        Section. 
Fig.  12.    Roof  Truss  and  Transverse  Bent  Showing  Transverse  Bracing. 


Section  fl-B 
Fig.  13.  *  Details  of  a  Roof  Covered  with  LuDOWia  Tile. 
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futenmgs  for  Corrugated  Sheeting. — Corrugated  steel  is  fastened  to  purlins  and  girts  usually 
y  the  following  fasteners. 

Straps, — ^These  are  made  of  No.  i8  U.  S.  gage  steel,  i  of  an  in.  wide.  These  straps  pass 
"ound  the  purlins  and  are  riveted  to  the  sheets  at  both  ends  by  A"  diameter  rivets,  f  in.  long; 
',  they  may  be  fastened  by  bolts.  Order  one  strap  and  two  rivets,  or  bolts,  for  each  lineal  foot 
'  girt  or  purlin,  to  which  the  corrugated  steel  is  to  be  fastened,  and  add  20  per  cent  to  the  number 
'  rivets  for  waste,  and  10  per  cent  to  the  straps  or  the  bolts.  One  thousand  rivets  will  weigh 
lb.;  one  bundle  of  hoop  steel  will  weigh  50  lb.  and  contains  400  lineal  feet. 
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Fig.  14.    Types  of  Columns  for  Steel  Mill  Buildings. 


Otndk  Rkeis  orNoSs, — ^These  are  special  rivets  or  nails  made  of  No.  9  Birmingham  gage 
ire,  which  clinch  around  the  edge  of  the  angle  iron  or  channel  and  are  used  for  fastening  the  steel 
leatfaiiig  to  steel  purlins  or  girts.    They  are  of  the  lengths  shown  on  page  24. 
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Fig.  15.    Details  of  Mill  Building  Columns. 
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Order  two  rivets  to  each  lineal  foot  of  purlin  or  girt  to  which  the  comjgiirrd  JS 
faste^t^d  and  add  lo  per  cciit  for  waste.  ' 

CNps  and  Bo/a.— These  arc  usod  for  fastening  corrugated  steel  to  steel  purlins  or  girtjj 
are  niade  of  No.  16,  i)  in.  steel,  a^x»ut  2*  in.  long,  and  are  slightly  crimped  at  one  end.  io| 
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Fig,  17.     Details  of  Corrugated  Stebl, 
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pge  of  iKt'  purliti.  The  bolts  are  of  the  same  diameter,  and  have  the  same  head  as  the  clinch 
(except  that  they  arc  supplied  wnth  threads  and  nut,  and  are  about  i  in.  long.     These  clips 

M^  iihould  not  be  used  excepting  in  special  cases,  where  tbc  regular  fastetiingB  cannot  be 
FmppUed. 
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Table  of  Clinch  Nails. 


L  Purlin  leg 
Length .... 
No.  per  lb.. 

L  Purlin  leg 
Length .... 
No.  per  lb.. 


r 

5" 
32 


3" 
6" 
29 


29 


4" 

7"  or  8" 
21 


5" 

6" 

/' 

7" 

8" 

9" 

23 

21 

18 

5" 

6" 

7" 

9" 

10" 

II" 

18 

16 

14 

In  cases  where  flashing,  cornice  work,  and  several  thicknesses  of  metal  are  to  be  fastened  at 
one  point,  rivets  or  bolts,  other  than  standard  lengths  given  will  be  needed.  Closing  rivets  i  in. 
long  and  bolts  li  in.  long  will  usually  answer  in  these  cases. 

If  side  laps  of  corrugated  steel  are  to  be  riveted,  rivets  should  be  ordered,  one  for  each  lineal 
foot  of  side  lap,  plus  20  per  cent  for  waste. 

If  corrugated  steel  is  to  be  fastened  to  wooden  purlins  or  timber  sheathing,  order  8d  barbed 
nails  for  rooBng  and  for  siding.  These  nails  should  be  spaced  one  foot  apart,  for  both  end  and  side 
laps;  add  20  per  cent  for  waste.     Ninety-six  8d  barbed  nails  weigh  I  lb. 

Corrugated  steel  for  roofing  should  be  laid  with  two  corrugations  side  lap  if  standard  or  1} 
corrugations  side  lap  if  special,  and  6  in.  end  lap.  Corrugated  steel  for  siding  should  have  one 
corrugation  side  lap  and  4  in.  end  lap^ 

Louvres. — Weights  of  Shiffier  louvres  of  black  iron  or  steel  are  as  follows: 


Gage  No. 
20 
22 


Weight  per  Square  Feet. 
2.7  lb. 
2.0  lb. 


The  weight  is  obtained  from  Fig.  20,  as  follows: 


uu 


Fig.  20.     Louvres. 


Louvres  are  estimated  in  square  feet  =  2h  X  length. 

To  get  weight  multiply  area  by  (1.7  X  weight  per  sq.  ft.  of  flat  of  material  used). 
Ridge  Roll. — Ridge  roll  is  ordinarily  of  same  gage  as  roofing  and  black  or  galvanized  to  cor- 
respond with  same.     Ridge  roll  is  usually  made  from  an  18  in.  flat  sheet. 


Weight  of  Ridge  Roll. 


Gage  No. 

Weight,  lb.  per  Uneal  ft.                                 | 

20 
22 
24 

2.0 

1.6  J 

Black  Iron  or  Steel. 
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TABLE  L 
Corrugated  Sheets.    American  Sheet  and  Tin  Plate  Company  Standard. 


Dksouttiok  or  Corkl'gated  Sheets 


CoKTU^tio/nm 


I    Depth, 

Apprtix. 
Actual        lutba 


n 


I 


Num* 

berper 
Sheet 


6 
9 

lO 

II 

20 
26 


Width*  lodio 


Full     'Covers 

Sheet       AP- 
pct>x. 


38 
26 
26 

26 

H 
as 


24 

H 

H 

H 
24 


ukrd  fengtha  s.  6^  7,  8,  o  and  10  fctt, 
m  lenpth,  12  feet  for  5'^ to  if'  comi 


Max- 
cornigatioti* 


AKSAS    or    CORftUCAtKD    SUEST^ 


60 

96 

108 
120 


Sq.  Ft.  In  I  Sheet 


CoiTUEatioiLS 


n.67 
14,00 
16.33 
18.67 
21.00 

^3.33 
28.00 


10.83 
13.00 
IS. 17 
"7-33 
19.50 
21.67 
26.00 


ir,  r 


1043 

12.50 
14.58 

16.67 

I8.7S 
20.83 
2S-00 


Sheets  io  100  Sci.  Ft. 


ComiEiLdoaB 


8-57 
7.14 
6.12 
5^36 
4^76 
4.29 
3-S7 


'''jy^r^r 


9.13 

7.% 
6.59 

5-77 
S.13 
4.62 


9.60 
8.00 
6.86 
6.00 

4M 
4.00 


Corrugated  Sheets. — Painted. 
Weights  in  Pounds  per  100  Square  Feet. 


Thickness.  U.  S.  Standard  Case  and  Decimals  of  an  Inch 


-   I 


I 


14 


16 


18 


23 


24 


25 


26 


27 


28 


.109  I  .078      .063 


.050 


,038      .034 


.031 


.028 


.025 


.022      .019      .017    .016 


339 


474    I    339 


271 
271 
271 
271 


217 
217 
217 
217 


163 
163 
163 

163 
170 


ISO 
ISO 
ISO 
ISO 
156 


136 
136 
136 
136 
142 


123 
123 
123 
123 

128 


no 
no 
no 
no 
114 
114 


96 
96 
96 
96 
100 
100 


83 
83 
83 
83 
86 
86 


76 
76 
76 
76 
79 
79 


68 
68 
68 
68 
72 
72 


Corrugated  Sheets. — Galvanized. 
Weights  in  Pounds  per  100  Square  Feet. 


Thickness.  U.  S.  Standard  Gage  and  Decimals  of  an  Inch 


14 


16 


I 


18 


20      I 


23 


25 


26 


27  28 


.109     :     .078     ,     .063 


.050  .038     I     .034 


.031     ■     .028 


.02s 


.022 


.019 


»0'7  I 


.016 


I- 


354 


48S       354 


286 
286 
286 
286 


232 
232 
232 
232 


178  I  165 
178  I  i6s 
178        i6s 


178 
185 


165 


>5i 
151 
151 

151 
157 


138 
138 
138 
138 


124 
124 
124 
124 
129 
129 


III 
III 
III 
III 


98 
98 
98 
98 

lOI 
lOI 


91 
91 
91 
91 
94 
94 


85 
85 
85 
85 
87 
87 


The  weights  per  100  square  feet  given  in  preceding  tables  do  not  include  allowances  for  end 
ide  laps.  The  following  table  gives  the  approximate  number  of  square  feet  of  sheeting  neces- 
to  cover  an  area  of  100  square  feet  and  is  based  on  sheets  of  standard  width,  96  inches  long. 
»nger  or  shorter  sheets  are  used,  the  number  of  square  feet  required  will  vary-  accordingly. 

Square  Feet  of  Corrugated  Sheets  to  Cover  100  Square  Feet. 


End  Lap.  Inches 


SMeLap 


Corrugation. 


no 
116 
123 


in 
117 
124 


112 
118 
125 


113 
119 
126 


114 
120 
127 


115 
121 

128 
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Gutters. — Eave  or  valley  gutters  should  always  be  galvanized.  Valley  gutters  should  be 
No.  20  gage.  Eave  gutters  and  conductors  should  be  No.  22  gage.  Gutters  should  be  sloped  not 
less  than  i  in.  in  15  ft. 

Weights  of  Eave  Gutters  and  Conductors  of  Galv.  Iron  or  Stbbl. 


Span  of  Roof. 

Size  of  Gutter. 

Wt.  per  ft. 

Size  and  Spadng 
of  Conductor. 

Wt.  per  lin.  ft. 
iK-aa. 

up  to    50' 
50'  to    70' 
70'  to  100' 

6",  No.  22 
7",  No.  22 
8",  No.  22 

1.8  lb. 

1.9  lb. 
2.1  lb. 

4  in.  every  40'  0" 

5  in.  every  40'  0" 
5  in.  every  40'  0" 

l.S  lb. 
2.1  lb. 
2.3  lb. 

Details  of  conductors  and  downspouts  are  given  in  Fig.  3i. 


Adjusb9l>le 
hanger  every 
4  feet- 


Adjust  a bie  hanger 
every  3>  Feet  For 


N-^B 


N'3 


kJ 


Type 

Area 

Drained 

S^-Ft- 

Size 

oF 

Guttler 

Conductors 

Di'am- 
Ins- 

Spaced 
Ft- 

N^/ 

0  to  1200 
1200  to  1800 
1800  to2400 

6" 
7" 
8" 

4 
B 
5 

40 
40 
40 

N?2 
and 
NS3 

0  6o2400 
2400toi600 
5600to4800 

4''x8'' 
S''x8' 
B'x/O' 

5 
6 
6 

40 
40 
40 

Eave  and  Vaf/ey  Gutters 

usual/y  N'^PO  orsame  ff^ffe 

35  roof/ng- 

Slope  one  Inch  in  FfFteen 

Feet' 

Order  in  S  Feet  lengths* 
Conductors  usudiiy  1/^^^ 

or  same  gage  as  siding* 


Fig.  21.    Details  of  Conductors  and  Downspouts.    American  Bridge  Company. 

Purlins. — Details  of  connections  for  purlins  used  for  a  corrugated  steel  roof  are  given  in  Fig. 
22. 

Cornice. — For  details  of  cornice  see  the  author's  "  The  Design  of  Steel  Mill  Buildings." 

ROOF   COVERINGS. — Mill  buildings  are  covered  with  corrugated  steel  supported  directly 

on  the  purlins;  by  slate,  tile  or  cement  tile  supported  by  sub-purlins;  or  by  corrugated  steel, 

slate,  tile,  cement  tile,  shingles,  gravel  or  other  composition  roof,  or  some  one  of  the  various  pat- 

ented  roofings  supported  on  sheathing.    The  sheathing  is  commonly  made  of  a  single  thickness 
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Fia  22.    Details  of  Pusuns  for  Corrugated  Steel  Roof.    American  Bridge  Company. 
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of  planks,  i  to  3  inches  thick.  The  planks  are  sometimes  laid  in  two  thicknesses  with  a  layer  of 
lime  mortar  between  the  layers  as  a  protection  against  fire.  In  fireproof  buildings  the  sheathing 
is  commonly  made  of  reinforced  concrete.  Concrete  slabs  are  sometimes  used  for  a  roof  covering, 
being  in  that  case  supported  directly  by  the  purlins,  and  sometimes  as  a  sheathing  for  a  slate  or 
tile  roof. 

The  roofs  of  smelters,  foundries,  steel  mills,  mine  structures  and  similar  structures  are  com- 
monly covered  with  corrugated  steel.  Where  the  buildings  are  to  be  heated  or  where  a  more 
substantial  roof  covering  is  desired  slate,  tile,  tin  or  a  good  grade  of  composition  roofing  is  used, 
or  the  roof  is  made  of  reinforced  concrete.  For  very  cheap  and  for  temporary  roofs  a  cheap  com- 
position roofing  is  commonly  used.  The  following  coverings  will  be  described  in  the  order  given: 
corrugated  steel,  slate,  tile,  tin,  and  tar  and  gravel.  A  slate  roof  on  reinforced  concrete  sheath- 
ing is  shown  in  Fig.  45  and  in  Fig.  46. 

CORRUGATED  STEEL  ROOFING.— Corrugated  steel  roofing  is  laid  on  plank  sheathing  or 
is  supported  directly  on  the  purlins.  Corrugated  steel  roofing  should  be  kept  well  painted  with  a 
good  paint.  Where  the  roofing  is  exposed  to  the  action  of  corrosive  gases  as  in  the  roof  of  a  smelter 
reducing  sulphur  ores,  ordinary  red  lead  or  iron  oxide  p>aint  is  practically  worthless  as  a  protectiw 
coating;  better  results  being  obtained  with  graphite  and  asphalt  paints.  Tar  paint,  made  by 
mixing  tar,  Portland  cement  and  kerosene  in  the  proportions  of  16  parts  of  tar,  4  p>arts  of  Portland 
cement,  and  3  parts  of  kerosene,  by  volume,  is  an  excellent  protection  against  corrosive  gases  in 
smelters  and  similar  structures.  Galvanized  corrugated  steel  is  quite  extensively  used.  To  pre- 
vent the  condensation  of  vapor  on  the  inside  of  the  metal  roof,  corrugated  steel  roofing  should 
be  laid  on  sheathing  or  should  have  anti-condensation  lining. 

Corrugated  steel  sheets  covered  with  an  asbestos  preparation  can  now  be  obtained  on  the 
market. 

Anti-Condensation  Lining. — Anti-condensation  lining,  shown  in  Fig.  23,  consists  of  asbestos 
felt  supported  on  wire  netting  that  is  stretched  tight  and  supported  by  the  purlins.  Anti-con- 
densation lining  is  put  on  according  to  two  systems. 

Berlin  System,  (5)  Fig.  23. — (i)  Lay  galvanized  wire  netting.  No.  19,  2-in.  mesh,  trans* 
versely  to  the  pudins  with  edges  about  1 4  in.  apart  so  that  when  laced  together  with  No.  20  brass 
wire  the  netting  will  Ik?  stretched  smooth  and  tight.  When  the  purlins  are  spaced  more  than  ^  ft 
apart  stretch  No.  9  galvanizcrd  wire  across  the  purlins  about  2  ft.  centers  to  hold  up  the  netting. 

(2)  On  the  top  of  the  wire  netting  place  a  layer  of  asbestos  paper  weighing  14  lb.  jier  square 
of  100  sq.  ft.,  and  on  this  place  a  layer  of  asbestos  paper  weighing  6  lb.  per  square.  All  holes  in 
the  paper  must  be  |)atched  when  laid. 

(3)  On  top  of  the  asbestos  pajxT  lay  two  thicknesses  of  Xeponset  building  paper. 

Note. — The  asbestos  and  building  pajxT  should  lap  3  in.  and  break  joints  12  in.  The  corru- 
gated steel  is  fastened  with  the  usual  connections.  Use  tin  washers  on  corrugated  steel  bolts 
where  there  is  danger  of  breaking  or  tearing  the  lining. 

Wire  netting,  No.  19  gage,  2-in.  mesh  comes  in  bundles  6  ft.  wide  and  150  ft.  long,  containing 
000  sq.  ft.  Asbestos  comes  in  rolls  36  in.  wide  and  is  sold  by  the  pound.  No.  20  brass  \ATe  is 
bought  by  the  pound,  272  lineal  ft.  weigh  one  pound.  Neponset  building  p>aper  comes  in  rolls 
36  in.  wide  and  250  ft.  or  500  ft.  long.  Do  not  cut  a  roll.  Add  10  per  cent  for  laps  of  asbestos 
and  building  pap)cr. 

Minneapolis  System,  (6)  Fig.  23. — (i)  Lay  wire  netting,  No.  19,  2-in.  mesh,  transversely  to 
the  purlins,  with  edges  1  j  in.  apart,  so  that  when  laced  together  with  No.  20  brass  wire  the  netting 
will  be  stretched  smooth  and  tijjht. 

(2)  On  the  top  of  the  netting  lay  asbestos  paper  weighing  30  lb.  to  the  square  of  100  sq.  ft., 
allowing  3  in.  for  laps.  For  important  work  lay  one  or  two  thicknesses  of  building  paper  on  top 
of  the  asbestos. 

(3)  Lay  the  corrugated  steel  and  fasten  to  purlins  in  the  usual  manner. 

Note. — If  wood  purlins  are  used  the  wire  netting  may  be  fastened  to  the  nailing  strips  with 
J  in.  staples.  WTiere  the  purlins  are  more  than  2  ft.  6  in.  centers  place  a  line  of  1^  in.  bolts  between 
purlins,  about  2  ft.  centers,  with  washers  I  in.  X  4  in.  X  i  in.  to  prevent  netting  from  sagging. 

SLATE  ROOFING.— Roofing  slates  are  usually  made  from  i  to  }  inches  thick;  ^  inch 
being  a  very  common  thickness.  Slates  vary  in  size  from  6  in.  X  12  in.  to  24  in.  X  44  in.;  the 
sizes  varying  from  6  in.  X  12  in.  to  12  in.  X  18  in.  being  the  most  common. 
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One  Lsyer  Sheathing  ^^P^O 


Fe/tP^' 


Pitch 
' — Paper 
^'Sheabhin^ 


0)  5LAT5  Roof 


Section  A- A 
(Z)  Tar  and  Crav^l  Roof- 

For  30"^ and        Apron  Me talA    X  ^jDhm-oF  Stack 
over,  use  N^^0      ^^^^^  NP-Z^ 
^a^e. 

Under  30' 
useN^^ZZ 


Varhble--^^. 
RooF  Pitch 


qaae      f*-- >i  Diant'  of  Flashing 


M/n-'^S" 


^;    ^/ve  pitch 
gi  oF  RooF  on 
^  \/enti/ator 
Detai/s- 


Apron  and 
Flashing  shipped 
\  in  2  or  more 
pieces,  depend- 
ing on  the  sise* 


(3J  C/ficuLAk  Ventilator 


(4)  Stack  Fla5nin6 


rYYYYYYY 

•YYiWYY  N^ISeaJv-mreNettine, 
Y^^vVvyY)  Z  'mesh,  laced  mth 
l/S  ZO  Srass  rn're- 
\   14  Ih' Asbestos  Papen 
6  Ih' Asbestos  Paper- 
Turo  thicknesses  oF 
Neponset  Bldg-  Papen 
Corn/gated  Steef* 

(5)  ANTt'CONDEMSATfOM  RoOFUfS 

Behun  System 


rTTYYYYYYJ 
^YYYYYYYYr. 


Nf^lSGalvaniiedWire 
Netting,  Z  mesh  • 
30  lb' Asbestos 
Paper- 

Corrugated  Sheeting 
Use  l''^4'^j" Clips 
Z'O  centers,  midway 
betireen  Purlins- 


{$) ANTt'CONOENSATiON  ROOF/NO 

Minneapolis  System 
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Slates  arc  laid  like  shingles  as  shown  in  Fig.  23.  The  lap  most  commonly  used  is  3  inches; 
where  less  than  the  minimum  pitch  of  }  is  used  the  lap  should  be  increased.  The  number  of  slates 
of  different  sizes  required  for  one  square  of  100  sq.  ft.  of  roof  for  a  3-in.  lap  are  given  in  Table  IL 
The  weight  of  slates  of  the  various  lengths  and  thicknesses  required  for  one  square  of  roofing, 
using  a  3-in.  lap  is  given  in  Table  III.  The  weight  of  slate  is  about  174  lb.  per  cu.  ft.  The  weight 
of  slate  per  superficial  sq.  ft.  for  different  thicknesses  is  given  in  Table  IV. 

TABLE  II. 
Number  of  Roofing  Slates  Required  to  Lay  One  Square  of  Roof  with  3- In.  Lap. 


Size  in  Inches. 


6X  12 
7X  12 
8X  12 
9X  12 

10  X  12 
12  X  12 

7X  14 
8X  14 

9X14 
10  X  14 
12  X  14 


No.  of  Slate  in 
Square. 


533 
457 
400 

355 

320 
266 
374 
327 

291 
261 
218 


Size  in  Inches. 


8X  16 

9X  16 

10  X  16 

12  X  16 

9X  18 

10  X  18 

11  X  18 

12  X  18 

14  X  18 

10  X  20 

11  X  20 


No.  of  Slate  in 
Square. 


277 
246 
221 
184 

213 
192 

174 
160 

169 
154 


Size  in  Inches. 


12  X  20 
14  X  20 

11  X  22 

12  X  22 

14  X  22 
12X24 
14X24 
16X24 

14X26 

16  X  26 


No.  of  Slate  in 
Square. 


HI 
121 

126 

108 
"4 

86 

89 
78 


TABLE  III. 
The  Weight  of  Slate  Required  for  One  Square  of  Roof. 


Inches. 

Weight  in  pounds,  per  square,  for  the  thickness. 

i" 

A" 

i" 

r 

4" 

1" 

1" 

I" 

12 

14 
16 
18 

20 
22 

It 

460 
445 
434 

425 
418 
412 
407 

724 

688 
667 
650 

626 
610 

967 

920 
890 
869 

851 
836 

^5 
815 

1450 
1370 
1336 
1303 

1276 

1254 
1238 
1222 

1936 
1842 
1784 
1740 

1704 
1675 
1653 
163 1 

2419 
2301 
2229 
2174 

2129 
2039 

2902 
2760 
2670 
2607 

2508 
2478 
2445 

3^3 
3567 
3480 

3408 
3350 
3306 
3263 

TABLE  IV. 
Weight  of  Slate  Per  Square  Foot. 


Thickness — in. 
Weight— lb... 


i 

1.81 


A 

2.71 


i 
3.62 


i 

5-43 


i 

725 


i 

9.06 


10.87 


I 
14.5 


The  minimum  pitch  recommended  for  a  slate  roof  is  };  but  even  A^ith  steeper  slopes  the  rii»    j 
and  snow  may  be  driven  under  the  edges  of  the  slates  by  the  wind.     This  can  be  prevented  bf  ' 
laying  the  slates  in  slater's  cement.     Cemented  joints  should  always  be  used  around  eaves,  ridgei 
and  chimneys. 

Slates  are  commonly  laid  on  plank  sheathing.  The  sheathing  should  be  strong  enough  tO 
prevent  deflections  that  will  break  the  slate,  and  should  be  tongued  or  grooved,  or  shiplapped,  and 
dressed  on  the  upper  surface.  Concrete  sheathing  reinforced  with  wire  mesh,  expanded  met^ 
or  rods  is  now  being  used  quite  extensively  for  slate  and  tile  roofs,  and  makes  a  fireproof  roof,  «C^ 
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%*  46.  Tar  roofing  felt  laid  between  the  slates  and  the  sheathing  assists  materially  tn  making 
le  rooC  waterproof,  and  prevents  breakage  when  the  roof  is  walked  on*  The  use  of  rubbcr-soled 
bj*  the  workmen  will  materially  reduce  the  breakage  caused  by  walking  on  the  roof,  Roof- 
Ites  may  also  be  supported  directly  on  sub-purlins.  The  details  of  this  method  are  practically 
koir  AS  for  ttle  roohng,  which  see. 

rooting  slates  are  laid  on  sheathing  they  are  fastened  by  two  nails,  one  in  each  upper 

;.  23.     When  supported  directly  on  sub-purlins  the  slates  arc  fastened  by  copper  or 

litiun  wire.     Galvanized  and  tinned  steel  nails,  copper,  composition  and  zinc  slate  roofing 

used.     Where  the  roof  is  to  be  exposed  to  corrosive  gases  copper,  composition  or  zinc 

be  used. 

ROOFING* — Baked  clay  or  terra-cotta  roofing  tiles  are  made  in  many  forms  and 

Plain  roofing  tiles  are  usually  loi  in.  long,  6i  in.  wide  and  |  in.  thick;  weigh  from  2  to 

f*ch  iMv\  lay  one*half  to  the  weather.     There  are  many  other  forms  of  tile  among  which 

tik,  Spanish  tile,  jjan  tile  and  Ludowici  tile  are  well  known.     Tiles  are  also  made  of  glass 

air  u«ed  in  the  place  of  skylights. 

TUes  may  be  laid  (i)  on  plank  sheathing,  (a)  on  reinforced  concrete  sheathing,  or  (3)  may  be 
directly  on  angle  sub-purlins  as  shown  in  Fig.  ij.  Tiles  are  laid  on  sheathing  in  the 
Fier  as  slates. 

roof  shown  in  Fig,  13  was  constructed  as  follows:  Terra-cotta  tiles,  manufactured  by 

Roofing  Tile  Co.,  Chicago,  111.,  were  laid  directly  on  the  angle  sub-purlins,  every 

tile  being  secured  to  the  angle  sub-purlins  by  a  piece  of  copper  wire-     The  tiles  were  inter- 

;,  requiring  no  cement  except  in  exceptional  cases.     The  tiles  were  9  X  16  in.  in  sixe;  135 

Sllffictt'nt  to  lay  a  scjuare  of  100  sq.  ft.  of  roof.     These  tiles  weigh  from  750  to  800  lb.  per 

cost  about  $6,00  ptT  squaa^  at  the  factory.     Skylights  in  this  roof  ware  made  by 

glass  tiles  for  the  tcrra-cotta  tiles.     This  and  similar  tile  have  been  used  in  this  man- 

%  bfl^e  number  of  mills  and  train  sheds  with  excellent  results, 

itKifs  laid  without  sheathing  do  not  ordinarily  condense  the  steam  on  the  inner  surface 
unless  the  tiles  are  glazed,  although  several  cases  have  lK»en  brought  to  the  author's 
where  the  condensation  has  caused  trouble  with  tile  roofs  made  of  porous  tiles.     Anti- 
roof  lining  should  be  used  where  there  is  danger  of  excessive  sweating,  or  a  porous 
be  used  that  is  known  to  be  non-sweating. 
TPI  ROOFING. — Two  sizes  of  tin  plates  arc  in  common  tise,  14  in.  X  20  in.  and  20  In*  X  28 
IL,  the  lalter  siae  being  most  used.     Tin  sheets  are  made  in  sev^-ral  thicknesses,  the  IC,  or  No.  29 
vtighiiig  S  ounces  to  the  sq.  ft.,  and  the  IX,  or  No.  27  gage  weighing  10  ounces  to  the  sq.  ft., 
t  thr  m(>*t  used.     The  standard  weight  of  a  box  of  112  sheets,  14  X  20  size  is  108  lb.  for  IC 
aiid  I.j6  lb.  for  IX  plate.     Boxes  containing  imperfect  sheets  or  **  wasters*'  are  marked 
fXW,     Every  sheet  should  be  stamjjed  with  the  name  of  the  brand  and  the  thickness. 
•  '*f  «fTi  roofing  depends  irfxjn  the  amount  uf  tin  used  in  coating  and  the  uniformity  with 
•as  been  coated.     The  amount  of  tin  used  varies  from  8  to  47  lb.  for  a  box  of  20  X  28 
OJT3.t.nuuig  112  sheets. 

Tin  roofing  is  laid  (t)  with  a  flat  seam,  or  (2)  with  a  standing  seam.     In  the  former  method 

«htrt9  of  tin  are  locked  into  each  other  at  the  edges,  the  seam  is  flattened  and  fastened  i*4th 

Of  hi  flailed  firmly  and  is  soldered  water  tight.     Rosin  is  the  best  flux  for  soldering,  al- 

Ibners  recommend  the  use  of  diluted  chloride  of  zinc.     For  flat  roofs  the  tin  should 

iKitdc-red  at  all  joints,  and  fvhould  be  secured  by  tin  cleats  and  not  by  nails.     For 

kibi'  tilt  is  commonly  put  on  with  standing  seams,  not  soldered,  running  with  the  pitch 

and  with  cross-seams  double  locked  and  soldered.     One  or  two  layers  of  tar  paper 

between  the  sheathing  and  the  tin. 

Mc  of  the  sheets  should  be  painted  before  laying.     Tin  roofs  should  be  painted 

years.     If  kept  well  painted  a  tin  roof  should  last  25  to  ^o  years. 

\  in,  hx-ks,  a  box  of  14  X  20  tin  will  cover  192  sq.  ft.,  and  for 
lid  turning  I J  and  i4  in.  edges,  making  i  in.  standing  seams, 


!  roof 


i    w-»i 


1  for    ^ 
ams,    ^H 
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it  will  lay  i68  sq.  ft.  For  flat  scam  roofing,  using  )  in.  locks,  a  box  of  20  X  28  tin  will  lay  about 
399  ^1-  ft.f  and  for  standing  seam,  using  f  in.  locks  and  turning  ij  and  i)  in.  edges,  making  i  in. 
standing  warns,  it  will  lay  about  365  sq.  ft. 

TAR  AND  GRAVEL  ROOF.— Tar  and  gravel  roofs  are  called  three-,  four-,  five-ply,  etc., 
dept-nding  u|K)n  the  nunilwr  of  layers  of  roofing  felt.  Tar  and  gravel  roofs  may  be  laid  upon  timber 
bhcat  hing  or  upon  concrete  slabs.  For  details  of  a  tar  and  gravel  roof  see  Fig.  23.  The  following 
8pccificati(ms  are  taken  from  the  author's  "  Specifications  for  Steel  Frame  Buildings." 

Specifications  for  Five-Ply  Tar  and  Gravel  Roof  on  Timber  Sheathing. — The  materials  used 
in  making  the  r(K)f  are  i  (one)  thickness  of  sheathing  p>aper  or  unsaturated  felt,  5  (five)  thick- 
nesstrs  of  siiturated  felt  weighing  not  less  than  15  (fifteen)  lb.  per  square  of  one  hundred  (100) 
s<i.  ft.,  single  thickness,  and  not  less  than  one  hundred  and  twenty  (120)  lb.  of  pitch,  and  not 
less  than  four  hundred  (400)  lb.  of  gravel  or  thrc»c  hundred  (300)  lb.  of  slag  from  i  to  i  in.  in  si2e, 
free  from  dirt,  jkt  s(]uare  of  one  hundred  (100)  sq.  ft.  of  complete<l  roof. 

The  material  shall  Ik.*  appliwl  as  follows:  First,  lay  the  sheathing  or  unsaturated  felt,  lapping 
each  shiH't  one  in.  over  the  preccnling  one.  Second,  lay  two  (2)  thicknesses  of  tarred  felt,  lapping 
each  shiH't  seventei*n  (17)  m.  over  the  preceding  one,  nailing  as  often  as  may  be  nccessar>'  to 
hold  the  shei'ts  in  place  until  the  remainmg  felt  is  applied.  Third,  coat  the  entire  surface  of  this 
I  wo-j)ly  layer  with  hot  pitch,  mopping  on  uniformly.  Fourth,  apply  three  (3)  thicknesses  of  felt, 
laj)|)ing  each  shirt  twenty-two  (22)  in.  over  the  preceding  one,  mopping  with  hot  pitch  the  full 
width  of  the  22  in.  lK»twi»en  the  plies,  so  that  in  no  case  shall  felt  touch  felt.  Such  nailing  as  is 
necess;ir>'  shall  In*  done  so  that  all  nails  will  lx»  covered  by  not  less  than  two  plies  of  felt;  fifth, 
spread  over  the  entire  surface  of  the  nK)f  a  uniform  C(Xiting  of  pitch,  into  which,  while  hot,  imbed 
tne  gravel  i)r  slag.     The  gravel  or  slag  in  all  cases  must  be  dr>'. 

Specifications  for  Five-Ply  Tar  and  Gravel  Roof  on  Concrete  Sheathing. — ^The  materials 
usivl  shall  Ih»  the  siinie  as  for  tar  and  gravel  nx>f  on  timl)er  sheathing,  except  that  the  one  thick- 
ness of  sheathing  ikijkt  or  uns,iturated  felt  may  Ik*  omitted. 

The  niaterLils  shall  Ik*  applied  as  follows:  First,  ccKit  the  concrete  with  hot  pitch,  mopped 
on  uniformly.  Stvond,  lay  two  (2)  thicknesses  of  tarred  felt,  lapping  each  sheet  seventeen  (17) 
in,  f>ver  the  pn^vding  one,  ami  mop  with  hot  pitch  the  full  width  of  the  17-in.  lap,  so  that  in  no 
cast*  shall  felt  touch  felt.  Third,  ccxit  the  entire  surface  with  hot  pitch,  mopped  on  uniformly.  1 
Fourth,  lay  thnv  (3^  thicknessi's  of  felt,  lapping  each  sheet  twenty-two  (22)  in.  over  the  precedi^ 
one,  mopping  with  hot  pilch  the  full  width  of  the  22-in.  lap  betwc»cn  the  plies,  so  that  in  no  case 
shall  felt  touch  felt.  I'ifth,  spread  the  entire  surface  of  the  roof  with  a  uniform  coat  of  pitch, 
into  which,  while  hot.  inilK'd  gravel  or  slag. 

Cost  of  Five-Ply  Tar  and  Gravel  Roofing.*— The  cost  of  a  round  house  roof  in  the  middle 
west,  lusi'd  on  1912  i>rices  ami  ci»ntainlng  51K)  squares  of  five-ply  tar  and  gravel  roofing,  was  as 
follows. 

ro>t  iHT  >qu.iri*  of  UK)  sq.  ft.  not  including  fixal  charges  or  profit,  not  including  sheathing. 

She.it hinj;  im|ht.  5  lb $o.i2 

ritrh.  155  lb.  at  60  cents  jht  ux>  lb O.93 

Felt.  S5  lb.  at  $1 .65  jxT  nx>  lb I.4D 

N.\ils  .md  r,ip> 0.05 

C'lo.its  lor  Hashing O.05 

CVavel  udH>ui  iMie-seventh  yar(n 23 

L»d>or.  in^-luiling  hauling.  IxKinl  and  niilrcud  fare 1.15 

Total  cost  \ycr  squari* $3-93 

SHOP  FLOORS. — FKv^rs  for  industrial  plants  may  be  placeci  on  a  foundation  resting  directly 
on  the  »; round  or  may  Iv  s^^lf  sup|v>nink;.  S-voral  examples  of  shop  tliH^rs  that  rest  on  the  ground 
are  sh«*wn  in  I'ic.  -5-  Standard  s|xvitications  fi»r  a  cement  floor  and  for  a  nktxxl  floor  on  a  tai 
cone  n't  e  ba<i^  follow. 

The  t\'llo\\inj;  sixviticaiions  an*  from  the  aut liter's  "  S|xvihcati»'»ns  for  Steel  Frame  Buildings-' 

Specifications  for  Cement  Floor  on  a  Concrete  Base.  Materials.— The  cement  used  shall 
K"  !irst-clas>  Pv^rtland  cement,  and  sh.ill  |mss  the  stamlards  of  the  American  Society  for  Tcstit*^ 
Materials.  The  s»ind  U^r  the  top  finish  sh.dl  Ix^  clean  and  shaq'^  and  shall  Ix*  retained  on  a  Na  3^ 
sieve  anil  shall  have  jmss^\1  the  No.  20  sieve.     Broken  stone  tor  the  top  finish  shall  pass  a  i  U»- 

•  Am.  Ry.  Er.^.  Assix*..  Vol.  I4.  p.  852. 
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be  retained  on  the  No.  20  screen.     Dust  shall  be  excluded.     The  sand  for  the 
(  clean  and  sharp*     The  aggregate  for  the  base  shall  be  of  broken  stone  or  gravel  and 
'2  in.  ring. 

-<)n  a  thoroughly  lamped  and  compacted  subgrade  the  concrete  for  the  base  shall  be 
thoroughly  tanipedt     The  base  shall  not  be  leas  than  2^  in*  thick.     Concrete  for  the 
ill  be  thoroughly  mixed  with  sufftiient  water  sty  that  some  tamping  is  required  to  bring 
'  turc  to  the  surface.     If  old  concrete  is  used  for  the  base  the  surface  shall  be  roughened 

^3^3""    UmeMortan^  ^B** Plank 
^         -^¥v^ 

^}  TiMBBk  Floor  on  Ctmiks 

^(j        "  *'    ,  Transverse 


f^Ftne  Concrete  of  T^r  orAspMt 
'\^  C&ncrete 
(^  TiMBtk  FlOOH  oh  TA/?  C0HCR£TS 

/^f  Mspie^  L&n^ft{/€/f'ff3/ 
'  .'  ^  Hemiock,  Trsns^erse 


^^4f  P&rtfmd  Cimtnt  Co/7crete^ 
(ej  Timber  Floor  on  Concr£T£ 


^'CMers  ^-3'*4''W'P^H9mn^ Strip 
(h)  TiMBER  Floor  oh  C/hoers 

^C^I  Phnk,  Trsn^i/^erse 


'IMSESSSSSMi 


;^  >  Pooping  Pitch 
"Compacted  Earth 
Cd)  Timber  Floor  on  Tar  Concrete 


^.-r  Pitch  ani^Sand,  /.*3* 
{  ;'4''''4*'^S 'Maple Block,  6ram  ^ertkaf 


^mmmtniw^M?}^^^^, 


'\yB^^CmJers 

^$*^  Tar  -  6 rave/  Concrete 

(F)  Timber  Blocks  m  Tar  CmcRETS 


^'Wearing  SurFace,  /'3  Pert/and 
Cemtnt  Mortar 


CM^rs,  weff  &mii€d 


Tin  Sutter 

(h)  Concrete  Shop  Floor 


*  j/  P^tland Cemtnt  CmrrHe^PMS 
fy)  Concrete  Floor 

Fig.  25.     Examples  of  Ground  Shop  Floors 


'  '■-  '*^  It  the  new  mortar  will  adhere.     The  roughened  surface  nf  old  con- 
wet  so  that  the  base  will  not  draw  water  from  the  finish  when  the 
tbing  the  base  with  grout  the  excess  water  shall  be  removed. 
i'l  concrete  the  surface  of  the  base  shall  first  be  scrubljcd  with  a  thin  grout 
r|  In  tvTfh  a  broom.     On  top  of  this,  liefore  the  thin  coat  is  set*  a  coat  of 
of  one  part  Portland  cement »  one  part  stone  broken  to  ptiss  a  \  in. 
i>c  troweled  on  using  as  much  pressure  as  possible,  s*j  that  it  will 
MTrr  m*   rmish  has  been  applied  to  the  desired  thickness  it  should  be  scneeded 
tme  fiurface.     Between  the  time  of  initial  and  fi.nal  set  it  shall  be  finished  by 


STEEL   ROOF  TRUSSES  AND   MILL   BUILDINGS. 


Chap.  L 


skilled  workmen  with  steel  trowels  and  shall  be  worked  to  a  final  surface.  Under  no  conditkni 
shall  a  clr>'er  be  used,  nor  shall  water  l>e  added  to  make  the  material  work  easily. 

Specifications  for  Wood  Floor  on  a  Tar  Concrete  Base.  Floor  Sleepers. — Sleepers  for 
carrying  the  timber  floor  shall  be  3  in,  X  3  in,  placed  18  in,  c.  to  c.  After  the  subgrade  has  been 
thoroughly  tamped  and  rolled  to  an  elevation  of  4}  in,  below  the  tops  of  the  sleepers,  the  dleejxn 
shall  be  placed  in  position  and  supported  on  stakes  driven  in  the  subgrade.  Before  depoiitJas 
the  tar  conerete  the  sleepers  must  be  brought  to  a  true  level. 

Tar  Concrete  Base* — The  tar  concrete  base  shall  be  not  less  than  4i  in,  thick  and  shall  be 
laid  as  follows:  First,  a  lavcr  three  {3)  in,  thick  of  coarse,  screened  gravel  thoroughly  mixed  wiib 
tar,  and  tamped  to  a  hard  level  surface.  Second,  on  this  bed  spread  a  top  dre&aing  i )  in.  thick 
of  sand  heated  and  thoroughly  mixed  with  coal  tar  pitch,  in  the  proportions  of  one  (1)  putt  pitch 
to  three  (3)  parts  tar.  The  gravel,  sand  and  tar  shall  be  heated  to  from  200  to  300  degrees  F., 
and  shall  he  thoroughly  mixed  and  carefully  tamped  into  place. 

Plank  Sub-Floor. — The  floor  plank  shall  be  of  sound  hemlock  or  pine  not  less  than  2  in. 
thick,  planed  on  one  side  and  one  edge  to  an  even  thickness  and  ^idth.  The  floor  planic  is  to  be 
toe-nailed  with  4  in,  wire  nails. 

Finished  Flooring, — The  finished  flo<^)ring  is  to  be  of  maple  of  clear  stock*  j  in.  finishetl  thick- 
ness, thoroii^^hty  air  and  kiln  dried  and  not  over  4  in.  wide.  The  fl*joring  is  to  be  planed  to  an  even 
thickness,  the  edges  jointed,  and  the  underside  channeled  or  ploughed.  The  finishetl  floor  is  to 
be  laid  at  right  angles  to  the  sub- floor,  and  each  board  neatly  fitted  at  the  ends,  breaking  joint* 
at  random.  The  floor  is  to  be  final  nailed  with  10  d.  or  3  in.  wire  nails,  nailed  in  diagonal  ni>ws 
16  in.  apart  across  the  boards,  with  two  (2)  nails  in  each  row  in  every  board.  The  floor  to  be 
finished  off  perfectly  smooth  on  completion. 

The  finished  flooring  is  not  to  be  taken  into  the  building  or  laid  until  the  tar  concrete  base 
and  sub- plank  floor  are  thort)ughly  dried. 


■/i  Fherm§ 


Z  Fhorlng 


'--Tit  Rod 
fy)  BRICK  ARCH  FLOOR 


C$rru^^h^  Jf^ff     ^^Tie  Rod 
(h)  C0RRU6ATii>  /RON  FLOOR 

,^  T^r  Concrete  "-2  'Fhen/tf 


(<d  RilNFORCSD  COHCRiTi  FLOOR 


M  (F) 

FiNCOYD  COHRmATEO  FlOORim 


fd) REINFORCED  CmCRiTE  FLOOR 


Fj)  Z  3AR  Floor 


(k)  AHf>L£  a^  Rlate 

Floor 


(i)  *'BiJCf(iY£'' FiREPROOF  FLOORiNS  Q/MULTfRlEX  $TE£L  FLATF  FlOOR 

Fig.  26.     Examples  of  Shop  Floors  Above  Ground, 


Shop  floors  above  ground  may  be  made  of  timber  resting  on  beams,  of  brick  arch  construo*  1 
tion,  (a)  Fig.  26,  of  concrete  with  corrugated  steel  arch  centers  as  shown  in  (W>  of  reinforced  coo- 1 
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rete  as  shown  in  (c)  and  (d),  of  steel  filled  with  concrete  as  shown  in  (e),  (/),  (g),  (A),  or  of 
oncrete  reinforced  with  Buckeye  flooring  as  shown  in  {i)  or  Multiplex  flooring  as  shown  in  (J), 

Timber  Floors. — ^The  Yellow  Pine  Manufacturers  Association  has  calculated  the  safe 
pan  of  yellow  pine  when  used  for  mill  floors  with  fiber  stresses  of  1,200  to  1,800  lb.  per  sq.  in. 
>r  live  loads  of  100  to  300  lb.  per  sq.  ft.  in  addition  to  the  weight  of  the  floor,  Table  V.  In  the 
!ne  marked  "  Deflection  "  is  given  the  span  which  has  a  maximum  deflection  of  one  thirtieth  of 
n  inch  per  foot  of  span  for  the  various  live  loads.  The  modulus  of  elasticity  of  timber  was  taken 
s  1,684,800  lb.  per  sq.  in.  The  table  may  be  used  for  any  kind  of  timber  by  using  the  proper 
k-orldng  stress.  The  maximum  spans  for  fiber  stresses  less  than  1,200  lb.  per  sq.  in.  may  be  found 
s  follows:  Required  the  maximum  safe  sp>an  for  a  timber  floor  2f  in.  thick  for  a  fiber  stress  of 
ioo  lb.  per  sq.  in.  and  a  live  load  of  150  lb.  per  sq.  ft.  The  span  is  approximately  the  same  as  for 
I  fiber  stress  of  1,200  lb.  per  sq.  in.  and  a  live  load  of  225  lb.  per  sq.  ft.,  «  6  ft.  11  in.;  or  for  a 
iber  stress  of  1,600  lb.  per  sq.  in.  and  a  live  load  of  300  lb.  per  sq.  ft.,  =  6  ft.  11  in. 


TABLE  V. 

Allowable  Span  for  Timber  Floors. 
Yellow  Pine  Manufacturers  Assoclation. 
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f . — ^For  methods  of  waterproofing  floors,  walls,  etc.,  see  methods  of  waterproofing 
liridie  iloofB  in  Chapter  IV. 


36 


STEEL   ROOF  TRUSSES  AND   MILL  BUILDINGS. 


Chap.  I 


D/MfNS/oNS  FOP  Glazed  Wood  Sash 
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Quality  of  Glass 

"B"* American  Singie  Strength 

''B"Anrf€ricBr7  Double  Strength 

!0"y^l2"     12"^  12"      10''^  i4"     i2"^  14" 

I0"^I6"      I2"^I6"      I4''^I6" 

All  sash  to  be  Ij  thick,  except  Sliding  Sdsh,  Pivoted  Sash,^id  Single  Sash  (or  one 
half  of  Double  Sash)  exceeding  4^6" high  or  4^0"ivide,  tvhich  should  be  made  I ^'  thick  • 

Top  Rails  ?/•  Stiles  ?i''  Bottom  Rail  3'"-  Muntins  f- 

Pivoted  Sash,  4  lights  high  or  over,  to  have  one  Horrzontal Mufftin  /j  thick;  all 
other  Sash,  6  lights  high  or  over,  to  have  one  Horizontal  Muntin  li"  thick* 

Pivoted  Sash,  4  lights  wide  or  over,  to  have  one  Vertical  Muntin  Ij  'thick;  all 
other  Sashy  Slights  wide  or  over,  to  have  one  Vertical  Muntin  Ij  "thick* 

For  Pivoted  Sash  4  and  3  lights  high  or  wide,  addl^  "to  Figures  given  In  above  tables  • 

Fig.  27.    Dimensions  and  Data  for  Glazed  Wood  Sash. 
American  Bridge  Company. 
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Fif.-  iH     Dimensions  for  Glazed  Wood  Sasu. 
AuERiCAN  Bridge  Compakv. 
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WINDOWS  AND  SK7  LIGHTS.— Mill  and  mine  buildings  should  have  an  ample  an 
of  glazing  in  the  form  of  windows  and  sky  lights.  Plane  glaiss  is  made  in  two  thicknesses, .« 
strength  approximately  -fg  in.  thick,  and  double  strength  approximatley  i  in.   thick. 
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Data  for  Double  Hung  Weighted  Windows. 
American  Bridge  Company. 


glass  IS  graded  as  AA,  A,  and  B.  The  AA  grade  being  the  best  and  the  B  grade  the  po< 
Wire  glass  is  -^  in.  or  }  in.  thick  and  may  be  obtained  with  a  smooth  surface,  with  factory 
or  prisms.  For  ordinary  windows  double  strength  glass  gives  very  satisfactory  results, 
sky  lights  and  where  windows  are  liable  to  be  broken,  wire  glass  should  be  used.     The 
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Fig  30.     Data  for  Counterbai,anced  Windows. 
American  Bridge  Comfany, 


tUi^ 

^^9 

He^ht 

No-Llshti 

Spaces 

^&aa 

H^ 

H 

<^6/xi 

Ht^ 

H 

ti' 

6 

7'3r 

14.' 

6 

S'5i' 

/Z 

9 

/0-6i 

14 

$ 

/2-Oi 

B 

12 

B-7i 

/4 

/2 

IS-7i^ 

/<? 

IB 

/6-8r 

M 

/5 

/S-2i 

/? 

ft 

20-/ 

/4 

/i 

Zh-t 

40 


STEEL   ROOF  TRUSSES  AND   MILL  BUILDINGS. 


Chap.  I 


''^  Stop 


PlVOT£D  MNDOWS 
PIVOTED  TOP&  BOTTOM 


f^fStop  -'' 


fStile 

r- 

' 

- 

_ , 

,  ^-   --  J 

. 

SffsA 


Oi^lt&mtmmimi^ft4r  ^^P;i^  ^  \^^f  Strip 

^  (Whef7 steel ifrnd^M^posl  is  t^je</,Uf'm^^ 
^\  \>m/t  J^r  Type  A  - 


Munt/nj 


if^s^sni 


!=r  S^hensleeiwifidmpstismti/sed^  /§  ^li  hr  Types  A  &  B 


Data  fORSmoHs  Between  St^el  Window  Posts- 
for  Fixe^t  Pivots  anS  Comterbalsnc^d  Windows- 


k 

±9 


Oisss 

MunUas  (each) 
Stiies  (esch) 
Sssh  Clearance 
Jamts  fe^h) 
Nmiiag  Pwctsf^^h) 
Frame  Clearance 
For  SiidirrgWin^ms  me  above ihts  except m  Sssh  Ciesrance^  m^sdd?^  far  meeti/^^  r^ih 


t' 


r 


Fig.  31.     Data  for  Pivoted  Windows,    American  Bridge  Company. 
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-  glcueing  windows  in  industrial  plants  is  **  factoiy  ribbed  glass  "  with  twenty-ooe  ribs  to 
fh,  the  rlb«  btfing  placed  on  the  inside  of  the  window.     This  glass  ifi  considerably  more  ex- 
livt  than  plane  glass  but  is  much  mtire  satisfactory, 

ansiuccnt  fabric  made  by  iml>edding  wine  cloth  in  a  translucent  material  made  of  Unseed 
IftlfKi  used  for  glazing  in  industrial  buildings.  Translucent  fabric  will  Ix'  charred  by  a  live 
Bt  ts  practically  fire-proof.  It  shuts  od  part  of  the  light,  making  it  possible  for  men  to  work 
(It  without  shading. 
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every  Sfiset 
^-/f^S'^Stnp 
\l'^S'C9p 


'"Ffdshtna 


r^Oirt 


Stile 


t  Hunting 
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n 

>             # 

in — ' 

F^ 

J-"-—'—" -" 

^=\ 

s  *  J  Step 

df^SfSi/f 
if^5''Strip 

iPset*       \  Note-' If sashsre fixed coi>t/m/€  steps  B//    ^^9^    '^^-^i Bolts 

l-iRomtf^      Breun</ except ^mss  sill m at/tslc/e ^  I'iPmd^  every Sn* 

Data  for  Coniinlous  Pivoted  and  Fixed  Sash  in  Monitors. 
American  Brjdoe  Companv. 


uril  of  glazed  surfaro  required  in  mill  buildings  depends  upon  the  use  to  which  the 
\p%t%,  ^he  material  uhl(!  in  glazing,  the  l<jcation  and  the  angle  of  the  windows  and  sky 
>f  the  atmosphere.     It  is  common  to  specify  that  not  less  than  lo  per 
le  uf  mill  buildings  and  2$  jht  cent  of  the  exterior  surface  of  machine 
be  siazed.     Many  industrial  plants  have  as  much  aa  6o  per  cent  of  the  exterior  , 
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Qwnmoi/s  Fixed  5a^' 


'Var/es 


5ash 


nJb 


2i' 


Note:  Sills  can  be  Matned 
inkn^thsfrom  Mft  • 
Ul6ft' 


\ — ^4r4&^==j-  'T/nners'Nai/s,  6'centers' 
'No''2S^3''6a/v9mzed5tee!Flashtng^ 


Data  forSpac/ns  Between  Girts 

For  Fixed,  Pivoted  and 

Sliding  Windows  • 

Class 

IZ'orir 

Sill  and  Head  (each) 

ir 

Sash  Top  Rail 

H' 

Top  Nailing  Piece 

fi' 

Sash  Bottom  Pail 

5'' 

Bottom  Nailing  Piece 

li' 

Muntins  (each) 

r 

Block 

/' 

Sash  Clearance 

/ 

Frame  Clearance 

/ 

For  Counterbalanced  (/se  aho^  data  except  nc 

>  Sash  Clearance,  and  add  li'' For  meeting  rail* 

Fig.  33.     Data  for  Continuous  Fixed  Sash. 
American  Bridge  Company. 


VENTILATORS  AND  DOORS. 
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tails  of  glared  sash  and  window  frames  as  adopted  by  the  American  Bridge  Company 
^ven  in  Fig.  27  to  Fig.  34. 
SNTXLATORS. — Mill  buildings  may  be  ventilated  by  means  of  monitor  ventilators,  or  by 
i  of  circular  ventilators.  Details  of  a  circular  ventilator  as  designed  by  the  American  Bridge! 
ay  ar^  shown  in  (3)  Fig.  23,  Details  of  a  standard  monitor  steel  louvre  ventilator  are" 
in  Fig»  35*  The  sides  of  the  monitor  ventilator  in  Fig.  42  were  fitted  with  louvres  which 
to  be  dotscd  in  cold  weather.  Buildings  of  this  type  should  have  glazed  sash  so  that  when 
Ebe  vcfitilators  are  dosed  the  light  will  not  be  cut  off.  Data  for  estimating  louvre  slats  are  giveis| 
b  Fig,  20. 


P?iV-?< 


Continuous  5ud/n6  Sash 


Mr 


-j'>^}  hrtiey Strip       g*^  hrting Strip., 


■f'Zi'Bo/ts 
J,  every  3  fleet' 
'"'^IpS'Strip 


3 


Flashing^ 


'Stile 


-Roller 


r-j 


.  V  n  mm  n  #* 


•Br...< 


m 


woodStr/p 

w^/rsiii 


^in.^'^r^^f  "Block  • 

everySfeet 


'"   ^TJ       Drip       ^  Drip 

I    m^Stop^   /Poller 

Fic.  34.     Data  for  Continuous  Sliding  Sash. 
American  Budge  Company. 

WOODBW  DOORS* — Wooden  doors  are  usually  constructed  of  matched  pine  sheathiu 
\tf>  1  franii*  «is  shown  in  Fig.  36.     These  doors  arc  made  of  white  pine.     Doors  up 

Eli^  h  *hmild  l*c  swung  on  hingrs;  wider  doors  should  be  made  to  slide  on  an  over*] 

I'fkck  w  counter-balanced  and  raise  vertically*     Sliding  doors  should  be  at  leas 

'  Aiv  licr  than  the  clear  opening. 
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SECTiON  B-B^ 


Maximum  length  unsupported  7^0^ 
F'^Jf^         ^5tf  ^/■':^^  us-  Ogge  un/ess  specfF/ed^ 

"■"'      Or(/er  Sheets  // V/^^*  ^nt/^/fo^  ^ "en</ /3p . 
Punch  h  holes  in  steel  work,  ^nd  hi /I 
J  d/ameber  ^  J  long  round  head  sboye  ho/ts») 


I  '  Lou\/res 


Section  A'A 


Fig.  35.    Details  of  a  Steel  Monitor  Louvre  Ventilator. 
American  Bridge  Company. 


'*  Sandwich  *'  doors  are  made  by  covering  a  wooden  frame  with  flat  or  corrugated  steel. 
The  wooden  framework  of  these  doors  is  commonly  made  of  two  or  more  thicknesses  of  J  in. 
dressed  and  matched  white  pine  sheathing  not  over  4  in.  wide,  laid  diagonally  and  nailed  with 
clinch  nails.  Care  must  be  used  in  handling  sandwich  doors  made  as  above  or  they  will  warp 
out  of  shape.  Corrugated  steel  with  i  J  in.  corrugations  makes  the  neatest  covering  for  sandwich 
doors. 

For  swing  doors  use  hinges  about  as  follows:  For  doors  3  ft.  X  6  ft.  or  less  use  lO  in.  strap  or 
10  in.  T-hingcs;  for  doors  3  ft.  X  6  ft.  to  3  ft.  X  8  ft.  use  16  in.  strap  or  16  in.  T-hinges;  for  doors 
3  ft.  X  8  ft.  to  4  ft.  X  10  ft.  use  24  in.  strap  hinges. 

STEEL  DOORS. — Details  of  a  steel  sliding  door  are  shown  in  Fig.  37.  Details  of  a  swing- 
ing steel  door  are  shown  in  Fig.  38.  Steel  doors  should  be  covered  with  corrugated  steel,  prefer- 
ably with  I J  in.  corrugations. 

Details  of  the  track  for  a  sliding  door  are  shown  in  Fig.  39. 

EXAMPLES  OF  STEEL  MILL  BUILDINGS.— The  following  examples  will  illustrate  the 
practice  in  the  design  of  stc^el  mill  buildings. 

Example  of  Ketchum's  Modified  Saw  Tooth  Roof.— The  modified  form  of  saw  tooth 
roof  shown  in  (n)  Fig.  6,  was  proposed  by  the  author  in  the  first  edition  of  "  The  Design 
of  Steel  Mill  Buildings"  (1903).  This  form  of  saw  tooth  roof  has  been  used  in  the  paint 
shops  of  the  Plank  Road  Shops  of  the  Public  Service  Corporation  of  New  Jersey,  Newark,  N.  J. 
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■  -     .       __   r  .1-         ^1   ^  -  ^ 


i      i       €       € 
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Section  A-A 
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'  ;i9V  ralUl  \  1  S" 


/     .■■■     .■■■    ,•■■     .■■■      •  p 
U'htrr  tbl>dl-    ^ 


\Biii»»i-^'iyMiF^ 


Meetlnir  strips  for        Meeting  strip  for 
double  slldiug  doors,  double  swing  doors. 


D««r»  aay  be  cltlicr  slide  or  ewliig*.  SUdlns  Jeers  •keall 

be  4* wider  aad  9  hicbcr  th»a  ele«r  opcalac  betwee* Jsabs. 

All  deere  uadcr  «'-0  wide  to  bovc  1^  •tll«*  ^ad  rolU. 

All  dboro  over  «>o'wlde  to  htoTo  lV»tUee  ood  rail*. 

All  stilee  end  relU  to  be  baUed  or  mortlaed  aiMl  tcaonoj, 

toffcthcr. 

Door*  to  be  laudc  of  wklte  »Imo 

irdoorm  ore  to  be  ooTered  wltb  tia  or  •heel  aetal  tbey  are 

to  be  aadc  of  two  or  more  thIrkoeoMa  mt)i  aiotcbod  wblto 

pine  obeatblns  net  ovec  d'wide,  laid  dlacoaall/  aad  pat 

tocctber  wltb  wroashi  aalU  w«U  eUaebed. 


for  door  ap  to      ^Design  for  doors  over  s'o'j 
T^m.  •f'^"  ynd.  ap  to  e^Vldo 


Fig.  j6.    Details  of  Wooden  Doors.    American  Bridge  Company. 
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The  building  proper  is  135  ft.  wide  by  354  ft,  long.  The  main  trusses  are  of  the  modified  saw 
tooth  type  with  44  ft.  spans  and  a  rise  of  i,  and  are  spaced  16  ft.  centers.  The  general  details  of 
one  of  the  main  trusses  are  shown  in  Fig.  40.    The  building  has  an  independent  steel  franiing  with 


Siding— ^^ 


"!•■» 


if^iLdtcff 
with  knob 
dnd  fi^/ock 

Sliding  Boit 


Jamb  to  run  IZ 
into  ground  and 
set  in  concrete 


1  zm'pi- 


-H  ;  outside  Frame 


StO£^ 


\^\^ 
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■3" 
S'O" 


Bo/ts-\ 


■-//i'-/iv: 


inside  Frame 


/» 


T-'/' 


ComSijeeting  to  be  Fastened  to  i^  angie  Frame  top  and  bottom* 

Corrugated  Steei  to  be  oF same  gage  as  siding* 

Rivets  on  inside  Frame,  N^-S  wire^  Holes  For  Fastening  inside  to  outside 
Frame  For  N-3  tvire^ 

Rivets  on  outside  Frame  2  iff  eft  •  Inside  Frame  to  be  shipped  bolted  in  place' 

IF  desired  to  cheapen  construction  tFdoor,  omit  side  a/fd  center  angles  oF inside  Fraffe* 

Fig.  37.    Details  of  a  Sliding  Steel  Door.    American  Bridge  Company. 


brick  curtain  walls  on  the  exterior.  Pilasters  24  in.  by  20  in.  are  placed  16  ft.  apart  under  the  endi 
of  the  trusses,  the  intermediate  curtain  walls  being  12  in.  thick.  The  roof  is  a  5  ply  slag  roof  laii 
on  tongued  and  grooved  spruce  sheathing,  which  is  spiked  to  2  in.  X  5  in.  spiking  strips,  which  an 
bolted  to  8  in.  channel  purlins  spaced  6  ft.  centers. 
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Holes  in 
Jsmbs  For 
hinges,  to 
he  (^ri/ied 
in  tfje  Fie  id* 


Pidte  Hinge 
m't/ff'/^od- 

Corrygated  Steel  to  be  S9me  gage  as  siding' 

Rivets  w inside  frame,  H^3  wire'  Hoies  For  Fastening  inside  Frame  to 
vtfter  Frame  J  N^3  wire  • 
Jfivets  en  ei/ter  Frame ^^^diameten  inside  Frame  to  Ife  sifipped Ifoited in piace* 
Corrugated  Steei  to  be  riveted  in  F/eidtotop  and  bottom  angies  oF  Inside  Frame* 
IF^sired  to  c/feapen  construction  oFdoor,  omit  side  and  center  angies  oFins/de  Frame* 

Fia  38.    Details  of  a  Swinging  Steel  I>oor.    American  Bridge  Company. 
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Center  Bracket--.  "*!'  ,    I 


4ioi      h'^'-'T'^'l^^'^^^-^--^ 
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r7irr-rt-^iff<-irh-af|^'*»*-^-----T--i ^-rrrr  — -{ '    }  ^ 


Notch  Door 35  shown  ^^ 


21hickne55€5  ofi^D^iH  Sheathincf  Idid  diaqonaiiy 
and  covered m'th^ 24  Sheet  'Steel. 


nW 


'2^^5foffed/h^/br 
%  Lateral  fidjuitment 


NOTE  ''-£dchpa/r consists  of  2  Hangrers 
complete  mth  Lateral  ffoljuslment' 
2 End  Brackets  and  /  Center  Bracket 
for  8 Foot  Track'fbcAed with  screws 
for  Hangmen  Trad  comes  in  4, 0, 8,  and 
10  foot  lenaths,  famish  2  Center 
Brackets  for  10  foot  Track. 


Fig.  39.    Details  of  a  Track  for  a  Sliding  Door. 


Sash^^^Ji 


Fig.  40.    Modified  Saw  Tooth  Roof,  Paint  Shop,  Public  Service  Corporahok. 


A  STEEL  TRANSFORMER   BUILDING. 
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L  Steel  Transformer  Building. — ^The  framework  of  a  steel  frame  transformer  building  is  shown 
I.  41  and  Fig.  42.  The  trusses  are  Fink  trusses  with  the  members  made  of  angles  placed 
to  back.     The  main  columns  carrying  the  roof  trusses  are  made  of  four  angles  laced,  the 


yto,\ 


.Ju.--y^:o'_ ^ 


f^Lo: 


Sfcr/ou 


BRAcme  m  Plane  of  Bottom  Cho/^d  Bracjns  jh Plane  of  Top  Chopo 
Fig.  41.    Plans  of  a  Transformer  Building. 

tioii  beiiig  I-shaped,  each  Hange  beiifg  composed  of  two  angles  placed  back  to  back  with  the 
K  kfi  outstanding,  and  the  web  consisting  of  lacing.    The  columns  in  the  end  of  the  building 
Bade  of  9  in.  I-beams.    The  main  purlins  are  made  of  5  in.  channels  @  6}  lb.,  while  the  girts 
5 
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^'-^^urin  st&Si^ 


-jSffi^'. 


5//?if  Elevation 


[u_  j^d-?!  -  _  ^  -zf^^-__  X—  — 's:^^  -  — 1, — '/-^i  -^-  -^ce'-  -:5^ 
End  Elevation 

Fig.  42.    Plans  of  a  Transformer  Building. 

are  4  in.  channels  @  5I  lb.  The  purlins  are  spaced  less  than  4  ft.  9  in.,  which  is  a  maximum  spac- 
ing where  corrugated  steel  roofing  is  used  without  sheathing.  The  steel  framework  is  braced  in 
the  plane  of  the  top  chord  and  the  sides  and  ends  of  thel>uilding  by  means  of  diagonal  rods  {  in. 
in  diameter.  The  crane  girder  beams  in  the  plane  of  the  lower  chord  brace  the  building  longi* 
tudinally,  the  diagonal  bracing  being  composed  of  angles. 


A  STEEL  TRANSFORMER   BUILDING. 


\6i^4-/o'\ 


^^¥'^p4'-f^  |'§  4^~fd 


;^<^<5'^"j 


f^^9-iO^ 


I'? 
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4il^o 
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nl  IT  ^  *■  » HI 


i5^(a>6'<7"; 


l64<^5-/rfi 


END  ELEVATION 


Side  Elevation 

Fig.  43,    Corrugated  Steel  Plans  for  Transformer  Building. 

r  Sied  Cmw*ii|.— The  plans  far  the  cormgated  steel  covering  on  the  roof  and  side 
•ff'  AS  ^^^  '**g*  44-     The  corrugated  steel  for  the  roof  is  No.  22  gage  steel  with  2\\ 

rruyatcd  &teel  for  the  aides  is  Xo.  24  gage  steel  with  2 J  Ln.  cormgationa 

^v.  made  of  No.  22  tiai  sheet  steel 


iM 
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Corrugated      Steel     Lfst  for    Bujjdinq 


RectanQuJQr5heef5       Beveled  Shegfa as  per Sjoetch 


84//nea/  ^et 

^one  coat  R€€fle^. 
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/ifoffin^ 
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Method  OF  FA5TEwtf6 
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Ofrf 


a/rt 

Method  of  FASTEN/tf6 
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^^t^Cm^f^t 
^-Astest£iS 
-WfreH^ffif>^ 


Eave  Cornice 


Lot/vnsJ^&iO 


Bali^'  Steel 


Finish  at  Corner 


Detail  of  Louvres 


Fig.  44.    Corrugated  Steel  List  and  Details  for  Transformer  Building. 
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To  pcrvcm  the  cx^ndonsatlon  of  moisture  on  the  insicje  of  the  steel  roof  and  the  resulting 
drippiftv  iidensatioii  lining  was  used,  as  is  shown  in  Fig.  44      Tliis  lining  was  construe tt*d  a» 

(otlauft:  1^  wire  poultr>^  netting  was  fastened  to  one  cave  purlin^  was  passed  ovit  the  ridge, 

Kretdicsi  n^Ut  ^nd  fa«itened  to  the  other  eave  purlin.  The  edges  t»f  the  wire  were  woven  together 
by  mean?  f«f  wire  clips.  On  the  wire  netting  was  laid  two  layers  of  aslx'stos  paper  A  in*  thiek> 
ai»  f  the  aslnstos  was  laid  two  layers  of  tar  pajxr.     The  corrugaicd  steel  was  tlicn  laid  on 

Uiy  :'j*ji  in  the  usual  way  and  was  fastened  to  the  purlins  by  means  of  long  s<.>ft  iron  wire 

nails  spaced  as  shown  in  Fig.  44.  To  prevent  the  lining  from  sagging  stove  bolts  A  in«  in  diam- 
eter with  I  la.  X  I  in.  X  4  in*  flat  washers  on  the  lower  side  were  placed  Ix'lween  the  purUns. 
The  aitthor  would  recommend  that  the  purlins  be  spaced  not  to  exceed  2  h,  6  In,  and  the  stove 
bolt*  omltf  ed. 


^fia^mi 


^-Pitch-i 


Fig,  45.    STEEt  Frame  Building  with  Plaster  Walls* 


Sitcl  Frmmc  Building  with  Plaster  Walls* — The  steel  frame  building  shown  in  Fig.  45  was 

..«.*i  ^.,>.     -jvinded  metal  and  plaster  walls  and  roof  constructed  as  follows:   The  side  walla 

i-tening  I  in.  channels  at  12  in.  centers  to  the  steel  framework  and  then  covering 

if    expanded  metal  wired  on.     The  expanded  metal  was  then  covered  on  the 

g  of  cement  mortar  composed  of  one  part  Portlantf  cement  and  two  parts 

jii  idr  with  a  gypsum  plaster,  making  the  walls  about  2  in,  thick.     The  njof  con- 

m  rete  »iah  reinforce*!  with  expanded  metal,  this  slab  being  covered  with  10  in.  X 

f  din'ctly  to  the  concrete. 

I   r  1;  tneering  Building. — Details  of  a  transverse  bent  of  the  steam  engineering  building 

at  iW  Omiiklyn  Navy  Yarcl  arc  given  in  Fig.  46, 

TIk  tr-  .irt  .  nluniris  are  spaced  48  ft.  centers  while  the  main  trusses  are  spaced  16  ft.  centers. 
inf  trusses  are  carried  on  heavN*  trusses  rigidly  fastened  to  the  main  columns.     The 

fir<i.  ^^  irr  carrii.'d  i>n  crane  columns  that  are  fastened  to  the  main  columns  by  light  lacing. 
Hdft  oielliod  of  supporting  heavy  crane  girdens  is  the  most  satisfactor>^  method  yet  proposed. 
T^         "  i  with  gla«%s  in  the  side  walls,  and  sky  lights  in  the  roof.     More  than  60 

P^  external  widls  and  roof  is  i^laxed.     Many  other  interesting  details  can 

I  ifitui  Uic  drawings. 
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Fig.  46.    Steam  Engineering  Building,  Brooklyn  Navy  Yard, 


GENER*\L    SPECIFICATIONS    FOR    STEEL    FRAME    BUILDINGS* 

« 

BY 

MILO   S.    KETCHUM, 
M.  Am.  Soc.  C.  E. 

TBIKD  EDITION. 


1914, 

GENERAL    DESCRIPTION. 

I.  Height  of  Building. — The  ht'ijk^ht  of  the  building  shall  be  the  distance  from  the  top  of  the ' 
^kasoQiy  to  the  under  side  of  ihe  boUom  chord  of  the  truss. 

I ST.  Dimensions  of  Building, — The  width  and  length  of  the  building  shall  be  the  extreme  dis-^ 

I  out  to  out  of  framing  or  sheathing.  i 

Length  of  Si>an.— The  length  of  trusses  and  girders  in  calculating  stresses  shall  be  coo^ 

I  a«  the  distance  from  center  to  center  of  end  bearings  when  supported,  and  from  end  ta 

[  fastened  between  columns  by  connection  angles. 

Pitch  of  Roof. — The  pitch  of  rorjf  for  corrugated  steel  shall  preferably  be  not  less  than 

in  12  in.),  and  in  no  case  less  tiian  J.     For  a  pitch  less  than  J  isome  other  covering  than 

atcd  nteel  shall  be  used. 

SfNtctng  of  Trusses. — Trusses  shad  be  spaced  so  that  simple  shapes  may  be  used  for 
Tlic  spacing  should  be  about  16  ft.  for  spans  of,  say,  50  ft.  and  alxiut  20  to  22  ft.  for 
^y,  100  ft.     For  longer  spans  than  100  It.  the  purlins  may  be  trussed  and  the  spacing 
ised. 

_  of  Purlins.— Purlins  shall  be  spaced  not  to  exceed  4  ft.  9  in.  where  corrugatedj 
J.  and  shall  be  placed  at  panel  pxjints  of  the  trusses. 
i  oC  Trusses.— The  trusses  shall  preferably  lie  of  the  Fink  type  with  panels  so  sub-i 
;  panel  points  will  come  under  the  purlins.     If  it  i,s  not  practiaible  to  place  the  purlins] 
»f  the  upper  chords  of  the  trusses  shall  be  designed  to  take  both  the  Hcxural  and] 
Trusses  shall  preferably  l>c  riveted  trusses.  . 
i  supported  on  masonry  walls  shall  have  one  end  supported  on  sliding  plates  for  spans  1 
r  70  ft.,  for  greater  lengths  of  span  rollers  or  a  rocker  shall  be  used.     No  rollers  with  a 
r^less  than  3  in.  shall  be  used. 

'  iJd  connectiijus  of  the  steel  framework  shall  be  riveted  except  the  connections  for  purlins 
fc'hich  ma)'  be  field  bolted. 

'Bracing  in  the  plane  of  the  lower  chords  shall  lie  stiff;  bracing  in  the  planes  of 
,  the  sides  and  the  ends  may  be  made  adjustable. 
^       Is, — (^nnfr.i.  r.>rs  in   Submitting   proposals  shall   furnish  complete  stress  sheets, 
iiii»  uf  til  i  structures  giv4ng  sizes  of  material,  and  such  detail  plans  as  will  1 

the  diT  '*(  the  parts,  modes  of  construction  and  sectional  areas. 

Plans, — The  successful  contractor  shall  furnish  all  working  drawings  required  by  | 
free  of  cost.     Working  drawings  w^U,  as  far  as  fx>ssible,  be  made  on  standard  size  ' 
;  J6  in.  out  to  out,  22  in.  X  54  in.  inside  the  inner  border  lines. 
1  of  Plans* — No  w<jrk  shall  be  commenced  or  materials  ordered  until  the  working 
L-cd  in  writing  by  the  engineer.     The  contractor  shall  be  responsible  for  dimen- 
1  the  working  plans,  and  the  approval  of  the  detail  plans  by  the  engineer  will 
.tractor  of  this  responsibility. 

Loads. 

The  trusses  ^hall  be  designed  to  carry  the  following  toads: 

DBAD  LOADS*    Weight  of  Trusses. — The  weight  of  trusses  per  sq.  ft.  of  horizontal 
I  up  to  150  ft.  span  shall  be  calculated  by  the  formula 
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IT  —  wci|rht  of  trusses  per  sq.  ft.  of  horizontal  project  ion  r 

F  »  eapacity  of  truss  m  pounds  per  sq.  ft.  of  horixontal  projectionj 

^n  of  the  trusH  in  feet; 

cance  between  trusses  in  feet, 

|lk|tfiiiiictl  from  the  author's  **  The  Design  of  Steel  MtU  Buildings.** 
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14.  Weight  of  Covering.  Corrugated  Steel. — The  weight  of  corrugated  steel  shall  be  taken 
from  Table  I. 

When  two  corrugations  side  lap  and  six  in.  end  lap  are  used,  add  25  per  cent  to  the  above 
weights;  when  one  corrugation  side  lap  and  four  in.  end  lap  are  used,  add  15  per  cent  to  the  abo\'e 
weights  to  obtain  weight  of  corrugated  steel  laid.  For  paint  add  2  lb.  per  square.  The  weight 
of  covering  shall  be  reduced  to  weight  per  sq.  ft.  of  honzontal  projection  before  combining  with 
the  weight  of  trusses. 

15.  Slate. — Slate  laid  with  3  in.  bp  shall  be  taken  at  a  weight  of  yj  lb.  per  sq.  ft.  of  inclined 
roof  surface  for  A  in.  slate  6  in.  X  12  in.,  and  6i  lb.  per  sq.  ft.  of  inclined  roof  surface  for  A  in. 
slate  12  in.  X  24  in.,  and  proportionately  for  other  sizes. 

16.  Tile. — Terra-cotta  tile  nxjfing  weighs  about  6  lb.  per  sq.  ft.  for  tile  I  in.  thick;  the  actual 
■"•"^Weight  of  tile  and  other  nx)f  coverings  not  named  shall  be  used. 

17.  Sheathing  and  Purlins. — Sheathing  of  dry  pine  lumber  shall  be  assumed  to  weigh  3  lb. 
per  ft.  and  dry  oak  purlins  4  lb.  per  ft.  board  measure. 

18.  Miscellaneous  Loads. — The  exact  weight  of  sheathing,  purlins,  bracing,  ventilators, 
cranes,  etc.,  shall  be  calculated. 

»**        19.  SNOW  LOADS. — Snow  loads  shall  be  taken  from  the  diagram  in  Fig.  i. 

20.  WIND  LOADS. — The  normal  wind  pressure  on  trusses  shall  be  computed  by  Duch- 
emin's  formula,  Fig.  3,  with  P  =  30  lb.  per  sq.  ft.,  except  for  buildings  in  exposed  locations, 
where  P  =  40  lb.  per  sq.  ft.  shall  l>e  used. 

21.  The  sides  and  ends  of  buildings  shall  be  computed  for  a  normal  wind  load  of  20  lb.  per 
sq.  ft.  of  exposed  surface  (or  buildings  30  ft.  and  less  to  the  eaves;  30  lb.  per  s(j.  ft.  of  expo«xi 
surface  for  buildings  60  ft.  to  the  caves,  and  in  proporticm  for  intermediate  heights. 

22.  Mine  Buildings.  —Mine,  smelter  and  other  buildings  exposed  to  the  action  of  corrosive 
gases  shall  have  their  dead  loads  increased  25  per  cent. 

23.  Concentrated  Loads. — Concentrated  loads  and  crane  girders  shall  be  considered  in 
determining  dead  loads. 

24.  Purlins. — Purlins  shall  l>e  designed  to  carry  the  actual  weight  of  the  covering,  roofing 
and  purlins,  but  shall  always  be  designed  for  a  normal  load  of  not  less  than  30  lb.  per  sq.  ft. 

25.  Girts.  —Girts  shall  be  designed  for  a  normal  load  of  not  less  than  25  lb.  fx?r  sq.  ft. 

26.  Roof  Covering. — Roof  covering  shall  be  designed  for  a  normal  load  of  not  less  than  30 
lb.  per  sq.  ft. 

27.  Minimtmi  Loads. — No  roof  shall,  however,  be  designed  for  an  equivalent  load  of  less 
than  30  lb.  p)er  sq.  ft.  of  horizontal  projection. 

28.  Loads  on  Foundations. — The  loads  on  foundations  shall  not  exceed  the  following  in 
tons  per  sq.  ft.: 

Ordinary  clay  and  dry  sand  mixed  vi-ith  clay 2 

Dr\'  sand  and  dry  clay 3 

Hard  clay  and  firm  coarse  sand 4 

Firm  coarse  sand  and  gravel 5 

Shale  rock 8 

Hard  rock 20 

For  all  soils  inferior  to  the  above,  such  as  loam.  etc..  never  more  than  one  ton  per  sq.  ft. 

29.  Stresses  in  Masonry. — ^The  allowable  stresses  in  masonry  shall  not  exceed  the  following: 

Tona  per  Sq.  Ft.      Lb.  per  Sq.  In. 

Common  brick,  Portland  cement  mortar 12  168 

Hard  burned  brick.  Portland  cement  mortar 15  210 

Rubble  masonry-,  Portland  cement  mortar.  .  . ^ lO  140 

First  class  masonr\',  cr>'stalline  siindstone  or  limestone 25  350 

First  class  masonr>',  gninite 30  420 

Portland  cement  concrete.  1-3-5 20  280 

Portland  cement  concrete,  1-2-4 30  4*0 

30.  Pressures  on  Masonry. — The  pressure  of  column  bases,  beams,  etc.,  on  masonry  shall 
not  exceed  the  following  in  pounds  per  scj.  in. 

Brick  work  with  cement  mortar 250 

Rubble  masonr>'  with  cement  mortar 250 

Portland  cement  concrete,  1-2-4 500 

First  class  dimension  sandstone  or  limestone 400 

First  class  granite 500 
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31.  Loads  on  Timber  Piles. — The  maximum  load  carried  by  a  pile  shall  not  exceed  40.000 

lb.,  or  600  lb.  per  sq.  in.  of  its  average  cross-section.     The  allowable  load  on  piles  driven  with  a 

2  Wh 
drop  hammer  shall  be  determined  by  the  formula  P  =  .     WTiere  P  =  safe  load  on  pile 

in  tons;  W  =  weight  of  hammer  in  tons;  h  =  free  fall  of  hammer  in  ft.;  5  =  average  penetration 
for  the  last  ^x  blows  of  the  hammer  in  in.  Where  a  steam  hammer  is  used,  1^  is  to  be  used  in 
place  of  unity  in  the  denominator  of  the  right  hand  member  of  the  formula. 

Piles  shall  have  a  penetration  of  not  less  than  10  ft.  in  hard  material,  such  as  gravel,  and  not 
less  than  15  ft.  in  loam  or  soft  material. 

Proportion  of  Parts. 

32.  Allowable  Stresses. — In  proportioning  the  different  parts  of  the  structure  the  maximum 
stresses  due  to  the  combinations  of  the  dead  and  wind  load ;  dead  and  snow  load ;  or  dead,  minimum 
snow  and  wind  load  are  to  be  provided  (or.  Concentrated  loads  where  they  occur  must  be  pro- 
vided for. 

33.  Tensile  Stress. — ^Allowable  Unit  Tensile  Stresses  for  Structural  Steel.  For  direct  dead, 
snow  and  wind  loads. 

Lb.  per  Sq.  In. 

Shapes,  main  members,  net  section 16,000 

Bars 1 6,000 

Bottom  flanges  of  rolled  beams 1 6,000 

Shapes,  laterals,  net  section 20,000 

Iron  rods  for  laterals T. 20,000 

Plate  girder  webs,  shear  on  net  section 10,000 

Shapes  liable  to  sudden  loading  as  when  used  for  crane  girders 10,000 

Expansion  rollers  per  lineal  inch 600  X  d 

where  d  =  diameter  of  roller  in  inches. 

Laterals  shall  be  designed  for  the  maximum  stresses  due  to  5,000  pounds  initial  tension  and 
the  maximum  stress  due  to  wind. 

34.  Compressive  Stress. — Allowable  Unit  Compressive  Stress  for  Structural  Steel.  For 
direct  dead,  snow  and  wind  loads 

S  -  16,000  —  70  - 

r 

where  S  »=  allowable  unit  stress  in  lb.  per  sq.  in; 

/  =  length  of  member  in  inches  c.  to  c.  of  end  connections; 
r  =  least  radius  of  g>'ration  of  the  meml)er  in  inches. 

35.  Plate  Girders. — Top  flanges  of  plate  girders  shall  have  the  same  gross  area  as  the  tension 
flanges. 

36.  Shear  in  webs  of  plate  girders  shall  not  exceed  10,000  lb.  per  sq.  in.  of  net  section. 

37.  Alternate  Stress. — Members  and  connections  subject  to  alternate  stresses  shall  be 
dcMgiwd  to  take  each  kind  of  stress. 

38.  Combined  Stress. — Members  subject  to  combined  direct  and  bending  stresses  shall  be 
proportioiied  according  to  the  following  formula: 

-_  P   .       M-yi 
1"  "*"  P'P 

loiS 

m-licre  5  3=  stress  in  lb.  per  sq.  in.  in  extreme  fiber; 
P  =  direct  load  in  lb. ; 
A  s  area  of  member  in  sq.  in.; 
M  »  bending  moment  in  in-lb. ; 

yi  =  distance  from  neutral  axis  to  extreme  fiber  in  inches; 
/  «»  moment  of  inertia  of  member; 

/  "  length  member,  or  distance  from  point  of  zero  moment  to  end  of  member  in  inches; 
£  «  modulus  of  elasticity  —  30,000,000.  lb.  per  sq.  in. 
Wlien  combined  direct  and  flexural  stress  due  to  wind  is  considered,  50  per  cent  may  be 
added  to  the  above  allowable  tensile  and  compressive  stresses. 

39  Stress  Dna  to  Weight  of  Member. — Where  the  stress  due  to  the  weight  of  the  meml)cr  or 
due  to  an  eccentric  load  exceeds  the  allowable  stress  for  direct  loads  by  more  than  10  per  cent,  the 
section  shall  be  increased  until  the  total  stress  does  not  exceed  the  above  allowable  stress  for 
direct  loads  by  more  than  10  per  cent. 
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The  eccentric  stress  caused  by  connecting  angles  by  one  leg  when  used  as  ties  or  struts  shall 
be  calculated,  or  only  one  leg  will  be  considered  effective. 

40.  Rivets. — Rivets  shall  be  so  spaced  that  the  shearing  stress  shall  not  exceed  11,000  lb. 
per  sq.  in.;  nor  the  pressure  on  the  bearing  surface  (diameter  X  thickness  of  piece)  of  the  rivet 
note  exceed  22,000  lb.  per  sq.  in. 

Rivets  in  lateral  connections  may  have  stresses  25  per  cent  in  excess  of  thc^  above. 

Field  rivets  shall  be  spaced  for  stresses  two-thirds  those  allowed  for  shop  rivets. 

Field  bolts,  when  allowed,  shall  be  spaced  for  stresses  two-thirds  those  allowed  for  field 
rivets. 

Rivets  and  field  bolts  must  not  be  used  in  direct  tension.  Where  it  is  necessary  that  con- 
nections take  tension  turnc<l  bolts  shall  be  used. 

41.  Pins. — Pins  shall  be  proportioned  so  that  the  shearing  stress  shall  not  exceed  11,000  lb. 
per  sq.  in. ;  nor  the  pressure  on  the  bearing  surface  (diameter  X  thickness  of  piece)  of  the  pin 
nole  exceed  22.000  lb.  per  sq.  in.;  nor  the  extreme  fiber  stress  due  to  cross  bending  exceed  24,000 
lb.  per  sq.  in.  when  the  applied  forces  are  assumed  as  acting  at  the  center  of  the  members. 

42.  Plate  Girders. — Plate  girders  shall  be  proportioned  by  the  moment  of  inertia  of  their 
net  section  or  on  the  assumption  that  J  of  the  gross  area  of  the  web  is  available  as  flange  area, 
and  the  shear  is  resisted  by  the  web.  The  distance  between  centers  of  gravity  of  the  flange  areas 
shall  be  considered  as  the  effective  depth  of  the  girder. 

43.  Web  Stiffeners. — The  web  of  plate  girders  shall  have  stifTeners  at  the  ends  and  inner 
eilges  of  bearing  plates,  and  at  points  of  concentrated  loads,  and  also  at  intermediate  potnti  when 
the  thickness  of  the  web  is  less  than  ^  of  the  unsupported  distance  between  flange  angles,  not 
farther  apart  than  the  depth  of  the  full  w«b  plate  with  a  ma.ximum  limit  of  5  ft.  StifTeners  shall 
be  designed  as  columns  for  a  length  equal  to  one-half  the  depth  of  the  girder.  Stiffener  angles 
must  have  enough  rivets  to  properly  transmit  the  shear. 

44.  Compression  fianges  ot  plate  girders  shall  have  at  least  the  same  sectional  area  as  the 

tension  flanges,  and  shall  not  have  a  stress  per  sq.  in.  on  the  gross  area  greater  than  16,000  —  150  7, 

where  I  —  unsupported  distance,  and  b  =  width  of  flange,  both  in  inches.  Compression  flangei 
of  plate  girders  shall  be  stayed  transversely  when  their  length  is  more  than  thirty  times  that 
width. 

45.  Rolled  Beams. — Rolled  beams  shall  be  proportioned  by  their  moment  of  inertia.  The 
depth  of  rolknl  beams  in  floors  shall  not  be  less  than  ^V  of  the  span.  Where  rolled  beams  or 
channels  are  used  as  roof  purlins  the  depths  shall  not  Ih'  less  than  -ffg  of  the  span. 

46.  Timber. — The  allowable  stresses  in  timber  purlins  and  other  timber  shall  be  taken  from 
the  following  tabic. 


Allowable  Working  Unit  Stresses  in  Timber,  in  Pounds  per  Square  Inch. 


Kind  of  Timber. 

Columns 

Under  to 

Diam- 

etCTB,  C. 

;              Sh«r. 

Modttloiof 
Elaatidty. 

vcree      1    End 
I/xiding.   ■  ««*>■- 

BcarinR    j 

^^         Parallel 
to  Grain. 

j 

Longitu- 
dinal 
Shear  in 
Beams. 

White  Oak 

1,200 
1,300 
1,000 
1,000 
1,200 

1,200 
I»300 
1,000 
1,000 
1,200 

1,000 

1,000 

Roo 

800 

1,000 

450                 200 
300        1         180 
200                 100 
200                 160 
350                 180 

IIO 
120 
70 
100 
IIO 

1,150,000 
i»6io,ooo 
1,130,000 
1,480,000 
1,510,000 

Long  Leaf  Yellow  Pine. . . 
White  Pine  and  Spruce. . . 

Western  Hemlock 

Douglass  Kir 

Columns  may  be  used  with  a  length  not  exceeding  45  times  the  least  dimension.  The  unit 
stress  for  lengths  of  more  than  10  times  the  least  dimension  shall  be  reduced  by  the  following 
formula. 

lood 


where  C  =  unit  stress,  as  given  above  for  short  columns; 
P  =  allowable  unit  stress  in  lb.  per  sq.  in.; 
/  =  length  of  column  in  inches; 
d  »  least  side  of  column  in  inches. 
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Covering. 

^ited  Steel, -^Corrugatetl  steel  shall  generally  have  2i  in,  corrugations  when  uaedj 
ttfles  of  buildings,  and  ij  in.  corrugations  when  used  for  lining  buildings.  The) 
!  of  Lumigati'd  sieel  shall  be  No.  22  for  roofs,  No,  24  for  sidcs^  and  No.  26  for  lining.] 
i^fige  of  corrugated  steel  in  U.  S.  standard  gage  and  weight  per  sq.  ft,  shall  be  shown  I 
*  plan. 

;  Ihirlins  and  Girts. — The  span,  or  center  to  center  distance  of  purlins,  shall  not 
given  in  Fig.  18  for  a  safe  load  of  30  lb,  i>er  sq.  ft.     Corrugated  5tecl  sheets 
ferably  span  ni'o  purlin  spaces.     Girts  shall  be  spaced  for  a  safe  load  ot  25  lb.  per  sq.  ft. 
18. 

nd  and  Side  Laps.^ — Corrugated  steel  shall  be  laid  with  two  corrugations  side  lap  and 
i  end  bp  when  used  for  roofing,  and  one  corrugation  side  lap  and  four  inches  end  lap 

—Corrugated  steel  shall  be  fastened  to  the  purlins  and  girts  by  means  of 

ni,.i[is  1  in.  wide  by  No.  18  gage,  spaced  8  to  12  in,  ajiart;  by  clinch  nails  spaced 

rt;  or  by  nailing  directly  to  spiking  strips  with  8d  barbed  naiU,  spaced  8  in.  anart, 

'ihall  preferably  be  uscti  with  anti-comlenaation  lining.     Bolts,  nails  and  rivets 

^5  pass  through  the  top  of  corrugations.     Side  laps  shall  be  riveted  with  ccmper  OC 

iron  rivets  8  to  12  in.  apart  on  the  roof  and  I J  to  2  ft.  apart  on  the  sides. 

d  Steel  Lining. — Corrugated  steel  lining  on  the  sidtrs  shall  be  laid  with  one 

j)  and  four  in.  end  lap.     Girts  for  corrugated  steel  lining  shall  be  spaced  for  a 

f  J 5  II).  [n^r  hL\.  ft.  .\s  iLjiven  in  Fig.  18, 

Anti-condensation    Lining. — ,\nti-condenAation    roof   lining   shall    be    used    to   prevent 

houses  and  similar  buildings^  and  shall  l^  constructed  as  follows:  Galvanised 

Is:  h  fastened  to  one  cave  purlin  and  is  passed  over  the  ridge,  stretched  tight 

■  other  eave  purlin.     The  edges  of  the  wire  are  woven  together  and  the  netting 

i  ta  the  spiking  strips,  where  used,  by  means  of  small  staples.     On  the  netting  are  laid 

of  asbestos  paptT  ^  in.  thick  and  two  layers  of  tar  pafxrr.     The  corrugated  steel  is 

1  to  the  purlins  in  the  usual  way;  |V  *"•  stove  bolts  with  i  in*  X  J  in,  plate  washers 

side  are  used  for  fastening  the  side  laps  together  and  for  supporting  the  lining;  or 

ay  be  sp.iced  one- half  the  usual  distance  where  anti-condensation  lining  is  used  and 

'  \  omitted. 

_^  J. — V^alleys  or  corners  around  tstacks  shall  have  flashing  extending  at  least  12  in. 

rwhcfi!  water  will  stand,  and  shall  Uv  rivctt-d  or  soldered,  if  necessary »  to  prevent  leakage. 

Tiing  shall  be  provided  above  doors  and  windows. 

Rtd^e  RoU.-^All  ridges  shall  have  a  ridge  roll  set^urely  fastened  to  the  corrugated  steel. 
Comer  Finish.— All  corners  shall  Ije  covered  with  standard  corner  finish  securely  fastened 
ugatcd  steel, 

ice. — At  the  irabte  ends  the  corrugated  steel  on  the  roof  shall  be  securely  fastened  to  a 
l|r^  *  '  M'Ctcd  to  the  end  of  the  purlins,  or,  where  molded  cornices  are  used, 

I  a  piei:'  ro  the  ends  of  the  purlins, 

G«;.^;«.     v,..,.vi^  ^nd  conductors  shall  be  furnished  at  least  equal  to  the  requirements 
I  folkiwing  table: 


II 
II 


Spuiof  Roof. 
Up      to    50  ft. 

>  it,  to    70  ft. 

>  ft.  lo  100  ft. 


Gutter. 

6  in. 

7  in. 

8  in. 


Coaductor. 

4  in.  ever\'  40  ft. 

5  in.  every  40  ft, 
5  in.  every  40  ft. 


I 


lers  ihall  have  a  slope  of  at  least  i  in.  in  15  ft.     Gutters  and  conductors  shall  be  made 

a.irt7'-'    1  "  »  ^-^'rthan  No.  24- 

^  1 1  tors  shall  be  orovided  and  located  so  as  to  properly  ventilate  the 

-       i  net  opening  for  each  too  sfi.  ft,  of  floor  space  as  follows:  not  less 

ft.  for  clean  machine  shops  and  similar  buildings;  not  less  than  one  sg.  ft. 
ho{>s;  not  less  than  four  sq.  ft.  for  mills;  and  not  less  than  six  sq.  ft.  for  Jorge 
int  >  *ind  smelters, 

ers  and  Louvres. — Openings  m  ventilators  shall  be  provided  with  shutters,  sash, 
^•n  as  specified, 

:i*d  with  a  satisfactory  device  for  opening  and  closing. 
'  ^n  prevent  the  blowing  in  of  rain  and  snow,  and  must  be  made 
4  will  occur.     Thuy  shall  be  made  of  not  less  than  No.  20  gage 
,h?  Vo   7t  pi^i'p  galvanized  steel  for  corrugated  louvre.*i. 
xcuiir  V  rs,  when  used,  must  be  designed  so  as  to  pfwtenti 

N'rr  1  calculations. 
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6i.  Windows. — Windows  shall  be  provided  in  the  exterior  walls  equal  to  not  less  than  lo  per 
cent  of  the  entire  exterior  surface  in  mill  buildings,  and  of  not  less  than  25  per  cent  in  machine 
shops,  factories,  washeries,  concentrators,  breakers  and  similar  buildings. 

Window  glass  up  to  12  in.  X  14  in.  may  be  single  strength,  over  12  in.  X  14  in.  the  glass 
shall  be  double  strength.  Window  glass  shall  be  A  grade  except  in  smelters,  foundries,  forge 
shops  and  similar  structures,  where  it  may  be  B  grade.  The  sash  and  frames  shall  be  constructed 
of  white  pine.  Where  buildings  are  exposed  to  fire  hazard  the  windows  shall  have  wire  glass  set 
in  metal  s;ish  and  frames. 

62.  Skylights. — At  least  half  of  the  lighting  shall  preferably  be  by  means  of  skylights,  or 
sash  in  the  sitles  of  ventilators. 

Skylights  shall  be  glazerl  with  wire  glass,  or  wire  netting  shall  be  stretched  beneath  the 
skylights  to  [)revent  the  broken  glass  from  falling  into  the  building.  Where  there  is  danger  of 
the  skylight  glass  being  broken  by  objects  falling  on  it,  a  wire  netting  guard  shall  be  provided 
on  the  outside. 

Skylight  glass  shall  Ix?  carefully  set,  special  care  being  used  to  prevent  leakage.  Leakage 
and  condensation  on  the  inner  surface  of  the  glass  shall  be  carried  to  the  down-spouts,  or  outside 
the  building  by  condensation  gutters. 

63.  Windows  in  sides  of  buildings  shall  be  made  with  counterbalanced  sash,  and  in  venti- 
lators shall  be  made  with  sliding  or  swing  sash.  All  swinging  windows  shall  be  provided  with  a 
satisfactory  operating  device. 

64.  Doors. — Doors  are  to  be  furnished  as  specified  and  are  to  be  provided  with  hinges,  tracks, 
locks  and  bolts.  Single  doors  up  to  4  ft.  and  double  d(K)rs  up  to  8  ft.  shall  preferably  be  swung 
on  hinges;  large  doors,  dr)uble  and  single,  shall  be  arranged  to  slide  on  overhead  tracks,  or  may  be 
counterbalanced  to  lift  up  lx*tween  vertical  gui<les. 

Steel  doors  shall  be  firmly  braced  and  shall  Ix?  covered  with  No.  24  corrugated  steel  with  l\ 
in.  corrugations. 

The  frames  of  sandwich  doors  shall  be  made  of  two  layers  of  J  in.  matched  white  pine,  placed 
diagonally,  and  firmly  nailed  with  clinch  nails.  The  frame  shall  be  covered  on  each  side  with  a 
layer  of  No.  26  corrugated  rteol  with  i\  in.  corrugations.  Locks  and  all  other  necessary  hard- 
ware shall  be  furnished  for  all  windows  and  doors. 

(Sections  65  to  77  cover  specifications  for  tar  and  gravel  roofing  and  concrete  and  wood  floors 
which  have  already  been  given.) 

Details  of  Construction. 

78.  Details. — All  connections  and  details  shall  be  of  sufficient  strength  to  develop  the  full 
strength  of  the  member. 

71).  Pitch  of  Rivets. — The  pitch  n{  rivets  shall  not  exceed  6  in.,  or  sixteen  times  the  thickness 
of  the  thinnest  outside  plate  in  the  line  of  stress,  nor  forty  times  the  thickness  of  the  thinnest 
outside  plate  at  right  angles  to  the  line  of  stress.  The  pitch  shall  never  be  less  than  three  diameters 
of  rivet.  At  the  ends  of  compression  memlxTs  the  pitch  shall  not  exceed  four  diameters  of  the 
rivet  for  a  length  ecjual  to  twice  the  width  of  the  memlx?r. 

80.  Edge  Distance.  —The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
edge  shall  be  I  J  in.  for  }  in.  rivets,  \\  in.  f(»r  J  in.  rivets,  iJt  in.  for  J  in.  rivets,  and  I  in.  for  \  in. 
rivets,  and  to  a  rolled  edge  \\,  1  i,  i  and  |  in.,  resix-ctively.  The  maximum  distance  from  the 
edge  shall  be  eight  (8)  times  the  thickness  of  the  plate. 

81.  Maximum  Diameter. — The  diameter  of  the  rivets  in  angles  carrv'ing  calculated  stresses 
shall  not  exceed  \  of  the  wirlth  of  the  leg  in  which  they  are  driven,  except  that  f  in.  rix'cts  may 
be  used  in  2  in.  angles. 

82.  Diameter  of  Punch  and  Die. — The  diameter  of  the  punch  and  die  shall  be  as  specified 
in  S  147. 

83.  Net  Sections. — The  effective  diameter  of  a  driven  rivet  will  be  assumed  the  same  as 
its  diameter  before  driving.  In  deducting  the  rivet  holes  to  obtain  net  sections  in  tension  members, 
the  diameter  of  the  rivet  holes  will  be  assumed  as  J  inch  larger  than  the  undriven  rivet. 

84.  Minimum  Sections. — No  metal  of  less  thickness  than  }  in.  shall  be  used  except  for 
fillers;  and  no  angles  less  than  2"  X  2"  X  1".  The  minimum  thickness  of  metal  in  head  frames, 
nxrk  houses  and  coal  tipples,  crial  washers  and  coal  breakers  shall  be  A  in.,  except  for  fillers. 
No  upset  rod  shall  1k»  less  than  \  in.  in  diametcT.     Sag  rods  may  be  as  small  as  \  in.  diameter. 

85.  Connections. — All  connections  shall  be  of  suflicient  strength  to  develop  the  full  strength 
of  the  member.  No  connections  except  for  lacing  bars  shall  have  less  than  two  rivets.  All  field 
connections  except  lacing  bars  shall  have  not  less  than  three  rivets. 

86.  Flange  Plates. — The  flange  plates  of  all  girders  shall  not  extend  beyond  the  outer  line 
of  rivets  connecting  them  to  the  angles  more  than  6  in.  nor  more  than  eight  times  the  thickness 
of  the  thinnest  plate. 


^^^^^r  SPECIFICATIONS.  8fl 

I,  Web  Stiffeners.-^Wcb  atiffeners  shall  be  in  pairs,  and  ^hall  have  a  close  fit  against  (latigel 
I  T^ M  -utfcncrs  at  the  ends  of  plate  girders  shall  have  filler  plates.  Intermediate  stiffencraJ 
i  -^  or  be  crimped  over  the  flange  angles.     The  rivet  pitch  in  stilTeners  shall  not  be  I 

tr  ;  in.  I 

I^Web  Splices.— VVeb  plates  shall  be  spliced  at  all  points  by  a  plate  on  each  side  of  the  I 
^SibUrv^>f  tninsmitting  the  shearing  and  bending  stresses  through  the  splice  rivets.  I 

^HfeHApCtions. — Net  sections  must  be  used  in  calculating  tension  memt>eTis  axid  in  deducting  I 
^^^^^Btht^y  shall  be  taken  |  in.  larger  than  the  nominal  ^ize  of  rivet <  I 

^HBRt>nnected  riveted  tension  member*?  shall  have  a  net  station  through  the  pin  htilol 
^^Et  in  excess  of  the  required  net  section  of  the  member.  The  net  seLtir»n  imrk  of  the  I 
pVwi  line  of  the  center  of  the  pin  shall  be  at  least  0.75  of  the  net  section  through  the  pin  ^ 

|l.  tJpset  Rods. — All  rods  with  screw  ends,  except  sag  rods,  must  be  upset  at  the  ends  so  that 
t  '  the  base  of  the  threads  shall  be  ^  inch  larger  than  any  part  of  the  body  of  the  bar.  J 

^.  -  ,  ;  Chords. — I'Pper  chords  of  trusses  shall  have  symmetrical  cross-sections,  and  shall  I 
Wtty  \-i    if  two  angles  back  to  l^ack.  I 

^HkOJ^'pi"-  '^loa  Members,— All  other  compression  members  for  roof  trtisse^,  except  sub*] 
^Vbiii  i«:  composed  of  sections  symmetrically  placed.     Sub-struts  may  consist  of  el  sijtglel 

||4<  Colunms. — Side  posts  which  take  flexure  shall  preferably  be  composi'd  of  4  angles  laced,  1 
|ni|!l*>  and  a  plate.     Where  side  posts  do  not  take  flexure  and  carr>^  heavy  loads  they  shall] 
IMity  \k  rf>mp*»sed  of  two  channels  laced,  or  of  two  channels  with  a  center  diaphragm, 
^BF  d  framing  shall  preferably  be  composed  of  I-beams  or  4  angles  laced«     Corner 

^^kl  r.ibly  be  compn^sed  of  one  angle. 

^^Krane  l^osts. — The  cn>ss- ben  ding  stress  due  to  eccentric  loading  in  columns  carrying 
^^■11  be  calculated.     Crane  girders  carr>  ing  heavy  cranes  shall  be  carried  on  Independent 

17.  Batten  Plates, — Laced  compression  members  shall  be  stayed  at  the  ends  by  batten] 
^ikct^l  as  near  the  end  of  the  member  as  practicable  and  having  a  length  not  less  than  the' 
^^bidth  of  the  memben     The  thickness  of  batten  plates  shall  not  be  less  than  i^j  of  the 
^HKlwcen  rivet  lines  at  right  angles  to  axis  of  memlM^r. 

^^beillSf — ^Single  lacing  bars  shall  hav-Tc  a  thickness  of  not  less  than  ^,  and  double  bar*  ■ 
^^■t>y  a  ri%'et  at  the  intersection  of  not  less  than  i?V  '^f  the  distance  between  the  rivetJi  1 
^^■1  rhcm  to  the  member;  they  shall  make  an  angle  not  less  than  |5  degrees  with  the  axUJ 
^^piiljer;  their  width  shall  be  in  accordance  with  the  following  standards,  generally:  J 

Size  of  Member,  Width  of  Ladng  Ba».  ■ 

F  —  "  '^   channels,  or  built  sections  with  3}  and  4  in.  angles.,  .2}  inches  (I  in.  rivets).  I 

\  :ind  9  in,  channels,  or  built  sections  with  ^  in.  angles. .   aj  inches  ( !  in.  rivet  si.  I 

t  I  7  in.  channels,  or  built  sections  with  2 J  in.  angles.,  .  .2  inches  f  J  in.  rivets).  I 

For 6  and  5  iiu  channels,  or  built  sections  with  2  in,  angles.. , , .  if  inches  (J  in.  rivets).  I 

i*  ioml)ers  are  subjected  to  bending,  the  size  of  lacing  bars  or  angles  shall  be  cal- 

^  Aob  p»late  shall  be  used. 

MB^^^tes. — All  pin  holes  shall  be  reinforced  by  ariditionai  material  when  necessar>\  sa^ 
^^^^^Kl  the  allowable  pressure  on  the  pins.     These  reinforcing  plates  must  contain  enough  i 
^^^^Hlrr  tile  i»f<>i>ortion  of  pR*ssure  which  comes  upon  them,  and  at  least  one  plate  on 
^^^^Hb extend  nut  Ilhs  th.in  6  in.  beyonrj  the  edge  of  the  batten  plate. 
^^^^Wfniim  f.^ncrth  of  Compression  Members, — No  compression  member  shall  have  a 
^^^^^Eii  ^  least  r.iditis  of  g>^mtion  for  main  memljers,  nor  150  times  its  least  | 

^^^^Wt  and  sub-members.     The  length  of  a  main  tension  member  in  which  i 

^^^^K%i-f^fi  l<y  wind  shall  rmI  exceed  150  times  its  least  radius  of  gyration.  J 

^^^PBbnom  Length  of  Tension  Members.— The  length  of  riveted  tension  members  tit' I 
^^F^' "  *  shall  not  exceed  2«xi  times  their  radius  of  g>Tation  except  for  windi 

^M  have  a  length  equal  to  250  times  the  least  radius  of  gvTation.     The  | 

^H^|n   jt-i  ituii  ttt  Mir  unsupported  ptJftion  of  the  member  is  to  be  considered  the  effective  J 

^HfcJice'c  — Tn  rompn^ssion  members  joints  with  abutting  f.jres  platied  shall  be  placed  asl 
^^Mi»rl  r>ossiblc,  and  niu^t  bi  spliced  on  all  sith'S  with  at  least  two  rows  of  riw*t»| 

^^■1*  ot  Joints  with  abuttin^j  faces  not  planed  must  l)e  fully  spliced.  I 

^^■fllicou— JtiintH  in  !»  nsfon  membi'r?  shall  Ix*  fully  spliced.  ] 

P^StflilOfi  Memben. —Tension  membrrs  shall  preferably  be  composed  of  angW  i»r| 
[|n|«iblr  of  taking  compression  as  well  as  tension.     Flats  riveted  at  the  ends  shall  not  Iks  I 
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105.  Main  tension  members  shall  preferably  be  made  of  2  angles,  2  angles  and  a  plate,  or  2 
channels  laced.     Secondary  tension  members  may  be  made  of  a  single  shape. 

106.  Eye-Bars. — Heads  of  eye-bars  shall  be  so  proportioned  as  to  develop  the  full  strength 
of  the  bar.     The  heads  shall  be  forged  and  not  welded. 

107.  Pins. — Pins  must  be  turned  true  to  size  and  straight,  and  must  be  driven  to  place  bf 
means  of  pilot  nuts. 

The  diameter  of  pin  shall  not  be  less  than  }  of  the  depth  of  the  widest  bar  attached  to  it. 
The  several  members  attached  to  a  pin  shall  be  packed  so  as  to  produce  the  least  bendmg 
moment  on  the  pin,  and  all  vacant  spaces  must  be  filled  with  steel  or  cast  iron  fillers. 

108.  Bars  or  Rods. — Long  laterals  may  be  made  of  bars  with  clevis  or  sleeve  nut  adjustment 
Bent  loops  shall  not  be  used. 

109.  Spacing  Trusses. — Trusses  shall  preferably  be  spaced  so  as  to  allow  the  use  of  stogie 
pieces  of  rolled  sections  for  purlins.     Trussed  purlins  shall  be  avoided  if  possible. 

I  ID.  Purlins  and  Girts. — Purlins  and  girts  shall  preferably  be  composed  of  single  sectiont— 
channels,  angles  or  Z-bars,  placed  with  web  at  right  angles  to  the  trusses  and  posts  and  legs  turned 
down. 

111.  Fastening. — Purlins  and  ^irts  shall  be  attached  to  the  top  chord  of  trusses  and  to  colunuis 
by  means  of  angle  clips  with  two  nvcts  in  each  leg. 

112.  Spacing. — Purlins  for  corrugated  steel  without  sheathing  shall  be  spaced  at  distancei 
apart  not  to  exceed  the  span  as  given  for  a  safe  load  of  30  lb.,  and  girts  for  a  safe  load  of  25  lb. 
as  given  in  Fig.  18. 

113.  Timber  Purlins. — ^Timbcr  purlins  and  girts  shall  be  attached  and  spaced  the  same  as 
steel  purlins. 

114.  Base  Plates. — Base  plates  shall  never  be  less  than  §  in.  in  thickness,  and  shall  be  of 
sufficient  thickness  and  size  so  that  the  pressure  on  the  masonry  shall  not  exceed  the  allowable 
pressures  in  §  30. 

115.  Anchors. — Columns  shall  be  anchored  to  the  foundations  by  means  of  two  anchor 
bolts  not  less  than  i  in.  in  diameter  upset,  placed  as  wide  apart  as  practicable  in  the  plane  of  the 
wind.  The  anchorage  shall  be  calculated  to  resist  one  and  one-half  times  the  bending  moment 
at  the  base  of  the  columns. 

1 16.  Lateral  Bracing. — Lateral  bracing  shall  be  provided  in  the  plane  of  the  top  and  bottom 
chords,  sides  and  ends;  knee  braces  in  the  transverse  bents;  and  sway  bracing  wherever  necessary. 
Lateral  bracing  shall  be  dcsignc«*.  for  an  initial  stress  of  5,000  lb.  in  each  member,  and  provision 
must  be  made  for  putting  this  initial  stress  into  the  members  in  erecting. 

117.  Temperature. — Varntions  in  temperature  to  the  extent  of  150  degrees  F.  shall  be 
provided  for. 

MATERIAL  AND  WORKMANSHIP. 

Material. 

118.  Process  of  Manufacture. — Steel  shall  be  made  by  the  open-hearth  process. 

119.  Schedule  of  Reqtiirements. 


Chemical  and  Physical                    Structural  Steel. 
Properties. 

Rivet  Steel. 

Sted  Castings. 

Phosphorus  Max.  {^^id"!''". 
Sulphur  maximum 

0.04  per  cent 
0.08    "      " 
o.os    "      " 

0.04  per  cent 
0.04   "      " 
0.04   "      " 

0.05  per  cent 
0.08    "      " 
COS    "      " 

Ultimate  tensile  strength 
Pounds  per  square  inch 

Elongation:  min.  %  in  8"   ■ 

Elongation:  min.  %  in  2". .  . 

Character  of  fracture 

Cold  bends  without  fracture. 

Desired 
60,000 
1,500,000* 

Desired 

50,000 
1,500,000 

Not  less  than 
65,000 

18 

Silky  or  fine  granular 

90*,  d^  Si 

Ult.  tensile  strength 

22 

Silkv 

180°  flatt 

Ult.  tensile  strength 

Silky 
180°  flatt 

The  yield  point,  as  indicated  by  the  drop  of  beam,  shall  be  recorded  in  the  test  repents. 

*  See  paragraph  128. 

t  See  paragraphs  129,  130  and  131. 

t  See  paragraph  132. 


I20.  Allowable  Vftriati<ms. — If  the  ultimate  strength  varies  marc  than  4,000  lb.  from  that 
^eimclt  ^  rrtest  shall  be  made  on  the  same  gage,  which,  to  be  acceptable,  shall  be  within  5,000 
Ik  of  the  desired  ultimate. 

Chemical  Analyses, — Chemical  determinations  of  the  percentages  of  carbon,  phoa- 
and  manganese  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at 
•ouring  of  each  melt  of  steel  and  a  correct  copy  of  such  analysts  shall  be  furnished 
T  hi*  inspector.  Check  anah^Bcs  shall  be  made  from  finished  materia),  if  called 
liaser,  in  which  case  an  excess  of  2$  per  cent  above  the  required  limits  will  be 
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Form  of  Spedmeas.     Plates,  Shapes  and  Bars.— Specimens  for  tensile  and  bending 
'   '■'-    shapes  and  bars  shall  be  made  by  cutting  coupons  from  the  fiivished  product, 
both  faces  rolled  and  both  edges  milled  to  the  form  shown  by  Fig.  l:  or  with 
^       lileJ;  or  they  may  be  turned  to  a  diameter  of  ]  in.  for  a  length  of  at  least  9  in., 
with  coiarvi^i  ends. 

123,  Rivets. — Rivet  rods  shall  be  tested  as  rolled, 

124.  Piss  A>fD  Rollers. — Specimens  shall  be  cut  from  the  finished  rolled  or  forged  bar,  in 
•udi  manlier  that  the  center  of  the  specimen  shall  be  i  in.  from  the  surface  of  the  bar.  The 
ipediDeo  for  tensile  test  shall  be  turned  to  the  form  shown  by  Fig.  2,     The  specimen  for  bendinif 

'    "  be  1  in-  by  i  in,  in  section. 


About  j"  ^    Parallel  Section- 


\*^  I      NoikM<h*n'9"j,*j 


_L 


l^^t^lVEtc; 


A^Hita* 


About  18*.--*-. —-^V 

Fig.  k 


Fig.  2. 

125.  Stkpj,  C^^vnKGs. — The  number  of  tests  will  depend  on  the  character  and  importance 
oC  the  C4»l  1  imens  shall  be  cut  cold  from  coupons  molded  and  cast  on  some  portion  of 

o«ii*  or  mot'  -  frjm  each  melt  or  from  the  sink  heads,  if  the  heads  are  of  sufficient  size. 

The  coupon  i>f  ->iiik  head,  so  used,  shall  be  annealed  with  the  casting  before  it  is  cut  off.  Test 
ipBriilMm«  *hall  bp  of  the  form  prescribed  for  pins  and  rollers. 

ia6*  AmieAl'  '•    ";      Imens* — Material   which  is  to  be  used   without  annealing  or  further 
tiBltiacnt  sliall  in  the  condition  in  which  it  comes  from  the  rolls.     When  material  is  to 

be  miiralpd  or  *^ii.T.  ..^^^  treated  before  use.  the  specimens  for  tensile  tests  representing  such 
■otmol  thaXi  be  cut  from  properly  annealed  or  similarly  treated  short  lengths  of  the  full  section 
of  the  \m7 

^  Tests. — At  least  one  tensile  and  one  bending  test  shall  be  made  from  each 
I  In  case  steel  differing  |  in.  and  more  in  thickness  is  rolled  from  one  melt, 
trom  the  thirkest  and  thinnest  material  rolled. 

ns  in  Elongation. — For  material  less  than  A  in.  and  more  than  J  in,  in 
ng  modifications  will  be  allowed  in  the  requirements  for  elongation: 
in.  in  thickness  below  ft  in.»  a  deduction  of  2  J  per  cent  will  be  allowed  from 
1  >n. 

'^n.  in  thickness  above  ]  in.,  a  deduction  of  i  per  cent  will  l>e  allowed  from 
fon. 

I  rollers  Ofver  3  tn,  in  diameter  the  elongation  in  S  in,  may  be  5  per  cent  leca 
•I  para trm oil  J  IQ. 
ng  Tests.  tests  may  be  made  by  pressure  or  by  blows.     Plates,  shapes 

i  in  1  in.  t^i  bend  as  called  for  in  |>aragraph  n^. 
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130.  Thick  Material. — Full-sized  material  for  eye-bars  and  other  steel  i  in.  thick  and  over, 
tested  as  rolled,  shall  bend  cold  180  degrees  around  a  pin  the  diameter  of  which  is  equal  to  twice 
the  thickness  of  the  bar,  without  fracture  on  the  outside  of  bend. 

131.  Bending  Angles. — Angles  }  in.  and  less  in  thickness  shall  open  flat  and  angles  i  in.  and 
less  in  thickness  shall  bend  shut,  cold,  under  blows  of  a  hammer,  without  sign  of  fracture.  Thii 
test  will  be  made  only  when  required  by  the  inspector. 

132.  Nicked  Bends. — Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter 
as  the  rivet  rod,  shall  ^ive  a  gradual  break  and  a  fine,  silky,  uniform  fracture. 

133.  Finish. — Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective 
edges,  or  other  defects,  and  have  a  smooth,  uniform,  workmanlike  finish.  Plates  36  in.  in  width 
and  under  shall  have  rolled  edges. 

134  Stamping. — Every  finished  piece  of  steel  shall  have  the  melt  number  and  the  name  of 
the  manufacturer  stamped  or  rolled  uix>n  it.  Steel  for  pins  and  rollers  shall  be  stamped  on  the 
end.  Rivet  and  lattice  steel  and  other  small  parts  may  be  bundled  with  the  above  marks  on  an 
attached  metal  tag. 

135.  Defective  Material. — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and 
its  acceptance  there,  develops  weak  sfK>ts,  brittleness,  cracks  or  other  imperfections,  or  is  found 
to  have  injurious  defc»cts,  will  be  rejected  at  the  shop  and  shall  be  replaced  by  the  manufacturer 
at  his  own  cost. 

136.  Allowable  Variation  in  Weight. — A  variation  in  cross-section  or  weight  of  each  piece  of 
steel  of  more  than  2i  per  cent  from  that  specified  will  be  sufficient  cause  for  rejection,  except  in 
case  of  sheared  plates,  which  will  be  covered  by  the  following  permissible  variations,  which  are  to 
apply  to  single  plates. 

137.  When  Ordered  to  Weight. — Plates  12 i  lb.  per  square  foot  or  heavier: 
(a)  Up  to  100  in.  wide,  2  J  per  cent  below  or  above  the  prescribed  weight. 


Plates  J  Inch  and 

Over  in  Thickness. 

Width  of  Hate. 

Ordered,  in.              Weight,  lb.                I'n  to  "«:  in             75  »"•  =^"^  "P  ^o        ^^  *"•  ^^  "P  ^ 

*^       '*     ■       '            100  in.                        IIS  in. 

Over  lis  in. 

I -J.                      10.20                 10    ncr  cent           i±    oer  cent     ■      18    ner  cent 

C-I6                                      12.7;                      1              8           "            "                          17           "            " 

16     "      " 

,3          u           " 

10       "        " 

5     »v/                             *-'/3                 1           " 

3-8                      15.30                   7      "      " 
7-16                   17.85                  6     "      " 
1-2                     20.40                  5      **      ** 
9-16        1           22.95                  4i    "      " 
5-8                     25.50           1       4     -      - 
Over  5-8          ^J    "      ** 

10     **      " 
8      "      " 

h  "   " 

6     "      " 

S     *'      " 

17  per  cent 

13    "       " 
12    "       " 
II    "       " 
10   "      " 
9    «       " 

Pl.xtks  Under 

1  Inch  in  Thickness. 

Thickness 
OnltTtrfl.  in. 

Nominal  Weiuhta 

lb.  IKT  sq.  ft.            1 

5.10  to    6.37         1 
6.37   "      7.65 
7.^)5   "    10.20 

Up  to  so  in. 

Width  of  Plate. 

SQ  in.  and  up  to 
70  in. 

Over  70  in. 

1-8     up  t^»  5--32 
5-32    '•    "  3-16 
3-16   -    •'   1-4 

10    per  cent 
7      ''       '' 

15    per  cent 
12J    "       " 
10      "      " 

20  per  cent 
17    "      ** 
15    "       " 

(h)  One  hundred  in.  wide  anrl  over,  5  per  cent  above  or  below. 

138.  Plates  under  12 J  lb.  per  sq.  ft.: 

(a)  rp  to  75  in.  wide,  2?.  per  cent  above  or  below. 

(6)  Seventy-five  in.  and  up  to  100  in.  wide,  5  per  rent  above  or  3  per  cent  below. 

(c)  One  hundred  in.  wide  and  over,  10  per  cent  above  or  3  per  cent  below. 

139.  When  Ordered  to  Gage. — Plates  will  be  accepted  if  they  measure  not  more  than  .01 
in.  below  the  ordered  thickness. 

140.  An  excess  over  the  nominal  weight,  corresponding  to  the  dimensions  on  the  order, 
^-ill  be  allowed  for  each  plate,  if  not  more  than  that  shown  in  the  preceding  tables,  one  cubic  inch 
of  rolled  steel  being  assumed  to  weigh  0.2833  lb. 
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Special  Metals. 

14  f.  Cast-Iron* — Except  where  chilled  iron  is  specified,  castings  shall  lie  made  of  tough  gra^ 
mith  eulphur  not  over  o.  10  per  cent.  They  shall  be  true  to  pattern,  out  of  wind  and  fr 
tlaws  and  cxctissive  shrinkage.  If  tests  are  demanded  they  shall  be  made  on  the  *'  Arbitra- 
tion Bar  "  of  the  Amc-rican  Society  for  Testing  Materials,  which  h  a  round  bar,  i  J  in.  in  diameter 
ami  15  in.  long,  The  transverse  test  shall  be  on  a  supp»orted  length  of  12  in.  with  load  at  middle. 
The  minimum  brealdng  load  so  applied  shall  be  2,900  lb.,  with  a  deflection  of  at  least  'f^  in.  before 
nipiurc. 

142,  Wrought-Iron  Bats* — Wrought-iron  shall  be  double-rolled,  tough,  fibrous  and  uniform 
in  clwiracti^r.  It  shall  be  thoroughl)^  welded  in  rolling  and  be  free  from  surface  defects.  When 
test'  '  ^  ■"  n^  of  the  form  of  Fig.  I,  or  in  full-sized  pieces  of  the  same  length,  it  shall  show 
AH  ih  of  at  least  50,000  lb,  per  sq.  in.,  an  elongation  of  at  least  18  per  cent  in  8  in., 

j^^t---, .    :  jlly  fibrous.     Sf>ecimens  shall  bend  cold,  with  the  fiber  through  135°,  without 

■■■Infract ure,  around  a  pin  the  diameter  of  which  is  not  over  twice  the  thickness  of  the  piece 
PHHaf^  When  nicked  and  bent  the  fracture  shall  show  at  least  90  per  cent  fibrous. 

Workmanship. 

143,  General. — AH  parts  forming  a  structure  shall  be  built  in  accordance  with  approved 
iliawiii^  The  workmanship  and  finish  shall  be  equal  to  the  best  practice  in  modern  bridge 
vnrlca. 

144,  Strau^tening  MateriaL — Material  shall  be  thoroughly  straightened  in  the  shop^  by 
■lethods  that  will  not  injure  it,  before  being  laid  off  or  worked  in  any  way* 

145*  Fimsh* — Shearing  shall  be  neatly  and  accurately  done  and  ail  portions  of  the  work 
cxpoacd  to  view  neatly  finished. 

14A,  Rivets.—Thc  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean  the 
jct .:    '  r  the  cold  rivet  before  heating. 

et  Holes. — When  general  reaming  is  not  required,  the  diameter  of  the  punch  for 
m^\  ^  I  in.  thick  shall  Ix*  not  more  than  A  ^^'*  ^^^  that  of  the  die  more  than  J  in.  larger 

th.j  r  of  the  rivet.     The  diameter  of  the  die  shall  not  exctH?d  that  of  the  punch  by 

mc'^^  ,  1  hickness  of  the  metal  punched. 

149.  Pianing  and  Reaming.^ln  medium  steel  over  J  of  an  in.  thick,  all  sheared  edges  shall 
beptaned  and  all  holes  shall  Ixi  drilled  or  reamed  to  a  diameter  of  t  of  an  in.  larger  than  the  punched 
boles,  90  as  to  remove  all  the  sheared  surface  of  the  metal.  Steel  which  does  not  satisfy  the 
drcftinf  t*«T  roust  have  holes  drilled. 

I4*y    "       Vug, — Punching  shall  be  accurately  done.     Slight  inaccuracy  in  the  matching  of 
m  cted  with  reamers.     Drifting  to  enlarjfc  unfair  holes  will  not  be  allowx'd.     Poor 

natcliSfti;    ■■  .♦  M,  -.  will  \ye  cause  for  rejection  by  the  inspector. 

15a,  AssembUng. — Riveted  members  shall  have  all  parts  w^ell  pinned  up  and  firmly  drawn 

Iufi^£i7  UTlh  bolts  before  riveting  is  commenced.     Contact  surfaces  to  be  painted  (see  §  182). 

I  SI.  Ladng  Bars, — Lacing  bars  shall  have  neatly  rounded  ends,  unless  otherwise  called  for. 

t^?    Web  StiflFencTS, — StitTeners  shall  fit  neatly  between  flanges  of  girders.     WTiere  tight 

htb  '  nds  of  the  stifTeners  shall  be  laced  and  shall  be  brought  to  a  true  contact 

be-^  angles, 

H  :  ajid  FUlers, — Web  splice  plates  and  fillers  under  stilTenera  shall  be  cut  to 

^Ht  <  angles. 

^"     ,-y^.    T^  t  ^V'b  plates  of  girders,  which  have  no  cover  plates,  shall  be  flush  with 

■  IIk  fattrkiKif  I  more  than  |  in.  scant,  unless  otherwise  called  for.     When  web  plates 

f  am  ^rillrKl.  '  i  in.  clearance  twtwcen  ends  of  plates  wHll  be  allowed. 

fio©  Angles. — Connection  angles  for  girders  shall  be  flush  with  each  other  and 
1  iVjn  :\nf\  length  of  girder.     In  case  milling  is  required  after  riveting,  the  removal 

t4  lau."!  'ir  thicknes*>  will  l>e  cause  for  rejection. 

5».  shall   be  driven   by   pressure  tools  wherever  possible.     Pneumatic 

^^J^  UL  u-^  1]  tfi  {^reference  to  hand  driving. 
15?*   Rlvni*  shall  look  near  and  finished,  with  heads  of  approved  shape,  full  and  of  equal  size. 
Tbey  OuaD  b* 


vtHnnc  tie 

In  ruf* 

tk- 

ih- 


hank  and  ^np  the  assembled  pieces  firmly.     Rccupping  and  calking . 
.  burned  or  otherwise  defective  rivets  shall  be  cut  out  and  replaredj 

I  care  shall  be  taken  not  to  injure  the  adjacent  metal.     If  necessar 

s, — Wherever  bolls  are  used  tn  place  of  rivets  which  transmit  shear,  the 

II  and  the  bolts  turned  to  a  driving  fit.    A  washer  not  less  than  J  in. 
'It* 

Ts  [u  be  straight. — The  several  pieces  forming  one  built  member  shall  be  straight 
iher,  and  finished  mcmljers  shall  be  free  from  twnsts,  bends  or  open  joints. 
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i6o.  Finish  of  Joints. — ^Abutting  joints  shall  be  cut  or  dressed  true  and  straight  and  fitted 
close  together,  especially  where  open  to  view.  In  compression  joints  depending  on  contact 
bearing  the  surfaces  shall  be  truly  faced,  so  as  to  have  even  bearings  after  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

i6i.  Field  Connections. — AH  holes  for  field  rivets  in  splices  in  tension  members  carrying 
live  loads  shall  be  accurately  drilled  to  an  iron  templet  or  reamed  while  the  connecting  parts  are 
temporarily  put  together. 

162.  Eye-Bars. — Eye-bars  shall  be  straight  and  true  to  size,  and  shall  be  free  from  twists, 
folds  in  the  neck  or  head,  or  any  other  defect.  Heads  shall  be  made  by  upsetting,  rolling  or  forg- 
ing. Welding  will  not  be  allowed.  The  form  of  heads  will  be  determined  by  the  dies  in  use  at 
the  works  where  the  eye-bars  are  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer  shall 
guarantee  the  bars  to  break  in  the  body  with  a  silkv  fracture,  when  tested  to  rupture.  The 
thickness  of  head  and  neck  shall  not  vary  more  than  A  in.  from  the  thickness  of  the  bar. 

163.  Boring  Eye-Bars. — Before  boring,  each  cyc-bar  shall  be  properly  annealed  and  carefully 
straightened.  Pin  holes  shall  be  in  the  center  line  of  bars  and  in  the  center  of  heads.  Bars  of  the 
same  length  shall  be  bored  so  accurately  that,  when  placed  together,  pins  ^  in.  smaller  in  diam- 
eter than  the  pin  holes  can  be  passed  through  the  holes  at  both  ends  of  the  bars  at  the  same 
time. 

164.  Pin  Holes. — Pin  holes  shall  be  bored  true  to  gage,  smooth  and  straight;  at  right  angles 
to  the  axis  of  the  member  and  [xirallel  to  each  other,  unless  otherwise  called  for.  Wherever  pos- 
sible, the  boring  shall  be  done  after  the  member  is  riveted  up. 

165.  The  distance  center  to  center  of  pin  holes  shall  be  correct  within  A  in.,  and  the  diameter 
of  the  hole  not  more  than  ^  in.  larger  than  that  of  the  pin,  for  pins  up  to  5  in.  diameter,  and  A  ^ 
for  larger  pins. 

i^.  Pins  and  Rollers. — Pins  and  rollers  shall  be  accurately  turned  to  gage  and  shall  be 
straight  and  smooth  and  entirely  free  from  flaws. 

167.  Pilot  Nuts  and  Field  Rivets. — ^At  least  one  pilot  and  one  driving  nut  shall  be  furnished 
for  each  size  of  pin  for  each  structure;  and  field  rivets  15  per  cent  plus  10  rivets  in  excess  of   ' 
the  number  of  each  size  actually  required. 

168.  Screw  Threads. — Screw  threads  shall  make  tight  fits  in  the  nuts  and  shall  be  U.  S. 
standard,  except  above  the  diameter  of  ij  in.,  when  they  shall  be  made  with  six  threads  per  in. 

169.  Annealing. — Steel,  except  in  minor  details,  which  has  been  partially  heated  shall  be 
properly  annealed. 

170.  Steel  Castings. — All  steel  castings  shall  be  annealed. 

171.  Welds. — Welds  in  steel  will  not  be  allowed. 

172.  Bed  Plates. — Expansion  bed  plates  shall  be  planed  true  and  smooth.  Cast  wall  plates 
shall  be  planed  top  and  bottom.  The  cut  of  the  planing  tool  shall  correspond  with  the  direction 
of  expansion. 

173.  Shipping  Details. — Pins,  nuts,  bolts,  rivets,  and  other  small  details  shall  be  boxed  or 
crated. 

174.  Weight. — The  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  figures. 

175.  Finished  Weight. — Payment  for  pound  price  contracts  shall  be  by  scale  weight.  No 
allowance  over  2  per  cent  of  the  actual  total  weight  of  the  structure  as  computed  from  the  shop 
plans  will  be  allowed  for  excess  weight. 

Additional  Specifications  W^hen  General  Reaming  and  Planing  ark  Required. 

176.  Planing  Edges. — Sheared  edges  and  ends  shall  be  planed  off  at  least  i  in. 

177.  Reaming. — Punched  holes  shall  be  made  with  a  punch  A  »"•  smaller  in  diameter  than 
the  nominal  size  of  the  rivets  and  shall  be  reamed  to  a  finished  diameter  of  not  more  than  ^  in. 
larger  than  the  rivet. 

178.  Reaming  after  Assembling. — Wherever  practicable,  reaming  shall  be  done  after  the 
pieces  forming  one  built  member  have  been  assembled  and  firmly  bolted  together.  If  necessary 
to  take  the  pieces  apart  for  shipping  and  handling,  the  respective  pieces  reamed  together  shall  be 
so  marked  that  they  may  be  reassembled  in  the  same  position  in  the  final  setting  up.  No  inter- 
change of  reamed  parts  will  be  allowed. 

179.  Removing  Burrs. — The  burrs  on  all  reamed  holes  shall  be  removed  by  a  tool  counter- 
sinking about  A  in. 

Timber. 

180.  Timber. — ^The  timber  shall  be  strictly  first-class  spruce,  white  pine,  Douglas  fir.  Southern 
yellow  pine,  or  white  oak  timber;  sawed  true  and  out  of  wind,  full  size,  free  from  wind  shakes, 
large  or  loose  knots,  decayed  or  sapwood,  wormholes  or  other  defects  impairing  its  strength  or 
durability. 
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^ng. — All  steel  work  before  leaving  the  shop  shall  be  thoroughly  cleaned  from  all 
I  iiad  ru-*t,  and  be  given  one  good  coating  of  pure  boiled  linseed  oil  or  paint  as  spcciiiedt 
r  all  joints  and  open  apaoea. 

ted  work*  the  surfaces  coming  in  contact  shall  each  be  painted  (with  paint) 
ctcd  tofifether, 
and  parts  which  are  not  accessible  for  painting  after  erection  shall  have  two 

4,  The  paint  shall  be  a  good  quality  of  red  lead  or  graphite  paint,  ground  with  pure  linacedi 
*  such  i)aint  as  may  be  spt^cifted  in  the  contract, 

B5.  Alter  the  structure  is  erected  ihe  iron  work  shall  be  thoroughly  and  evenly  patnte 
»o  additional  coats  of  paint,  mixed  with  pure  linseed  oiL  of  such  r]ualiiy  and  color  as  may 
Painting  shall  be  done  only  when  the  surface  of  the  metal  is  perfectly  dr>'.     No 
I  shall  iio  done  in  wet  or  freezing  weather  unless  special  precautions  are  taken.     The  two 
I  if  I VI  in  t  shall  be  of  different  colors. 

H^lachine  finished  surfaces  shall  lie  coated  with  white  lead  and  tallow  before  shipment 
;  put  out  into  the  open  air* 

Inspection  and  Testing  at  Mill  and  thb  Shops. 

Bj*  The  manufacturer  shall  furnish  all  facilities  for  Inspecting  and  testing  weight  and  the 
,.f  tvMr(^'j|i.^[iship  at  the  mill  or  shop  where  material  is  fabricated.     He  shall  furnish  a 

.  machine  for  testing  full-sized  members  if  required. 
:    .►:    .  Orders. — The  engineer  shall  be  furnished  with  complete  copies  of  mill  onlers»  and 
Js  shall  be  ordered  nor  any  work  done  before  he  haa  been  notified  as  to  where  the  orders 
placed  so  that  he  may  arrange  for  the  inspection. 

"bop  Ptans. — ^The  engineer  shall  be  furnished  wnth  approved  complete  shop  plans,  and 
Dlificd  wtll  in  advance  of  the  start  of  the  work  in  the  shop  in  order  that  he  may  have  an 
9n  hand  to  inspect  the  material  and  workmanship. 

Bhtppins  Invoices.-rComplete  copies  of  shipping  invoices  shall  be  furnished  the  engin 
[^tpment. 

T'he  engineer's  inspertor  shall  have  full  access,  at  all  times,  to  all  parts  of  the  mill  or 
!  loatFrial  under  his  inspection  is  being  fabricated. 

T»e  inspccttjr  shall  stamp  each  piece  accepted  with  a  private  mark.     Any  piece  not  « 

fty  \^  rejected  at  any  time,  and  at  any  stage  of  the  work.     If  the  inspector,  througliau 

ise,  has  accepted  material  or  work  which  is  defective  or  contrary  to  the  «peci-> 

rial,  no  matter  in  what  stage  of  completion,  may  he  rejected  by  the  engineer.^ 

^md  wMic  Tests. — F'ull  size  tests  of  any  finished  memlxT  shall  be  tested  at  the  inajr* 

ttl5e»  and  ?^hal!  be  paid  for  by  the  purchaser  at  the  contract  price  less  the  scrap  va?) 

}  satisfactor>%     If  the  tests  are  not  satisfactory  the  material  will  not  be  paid  for  and 

►  represented  by  the  tested  member  may  be  rejected. 

Erection. 

T^    -nntractnr  shall  furnish  at  his  own  expense  all  necessary  tools,  staging  andi 
ij>ti<m  required  for  the  erection  of  the  work,  and  shall  remove  the  samei 
ivd,  ' 

s  in  the  trusses  and  framework  shall  be  riveted.     Connections  of  purlins 

'Thi  contractor  shall  assume  all  risks  from  storms  or  accidents,  unless  caused 
;tigcnce  of  the  owner,  and  all  damage  to  adjoining  property  and  to  persons  until  the 
Uplctcd  and  accepted. 

comracior  shall  comply  with  all  ordinances  or  regulations  appertaining  to  the 

Tlie  election  shall  be  carried  forward  with  diligence  and  shall  be  completed  promptly. 
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REFERENCES. — For  data  on  windows  and  glazing;  paints  and  paintii^;  foundations,  and 
additional  data  and  examples  of  roof  trusses  and  steel  mill  buildings,  see  the  author's  "The 
Design  of  Steel  Mill  Buildings."  This  book  also  contains  a  full  treatment  of  algebraic  and  graphic 
statics;  and  the  calculation  of  stresses  in  simple  framed  structures,  in  the  transverse  bent,  the 
two>hinged  arch,  etc.;  also  contains  24  problems  in  algebraic  and  graphic  statics  illustrating  the 
methods  of  calculating  the  stresses  in  roof  trusses  and  other  framed  structures. 


CHAPTER  11. 
Steel  Office  Buildings. 

I  Construction. — Skeleton  construction  is  a  building  where  all  external  and  internal 
^esses  arc  transferred  from  the  top  of  the  building  to  the  foundations  by  a  skeleton  or 
►f  steel  or  reinforced  concrete.  In  steel  skeleton  construction  the  framework  con- 
mns,  floorbeams,  girders,  trusses,  and  diagonal  and  transverse  bracing.  The  steel 
riveted  connections  and  all  connections  in  the  steel  framework  should  be  riveted, 
sisting  Construction. — To  protect  the  structural  steel  from  fire  the  framework  is 

materials  that  are  slow  heat  conducting  or  "fireproof  material."  The  steel  frame- 
!  fireproof ed  with  reinforced  concrete,  brick,  tiles  of  burnt  clay,  or  terra  cotta.  The 
exposed  sides  and  elevator  enclosures  are  glazed  with  wire  glass  set  in  metal  frames  or 
I  with  fire  shutters.     Doors  and  other  exposed  openings  are  protected  with  fire  doors 

The  interior  finish,  doors,  etc.  should  be  of  metal  and  every  precaution  should  be 
fvent  the  spread  of  fire.  Reinforced  concrete  fireproofing  is  usually  made  of  the 
ckness:  For  columns,  trusses,  girders  or  other  very  important  members  at  least  2 
Crete  outside  of  the  metal  reinforcement;  for  ordinary  beams  or  long  span  floor  slabs 

inches  of  concrete  outside  of  the  reinforcement,  and  for  short  span  floor  arches  and 
)ns  and  walls  at  least  I  inch  outside  the  metal  reinforcement.  Fireproofing  of  brick, 
:otta  is  usually  made  with  a  thickness  of  not  less  than  4  inches  for  columns  and  the 
ork.     Metal  flanges  should  be  protected  with  not  less  than  2  inches  of  fireproofing 


TABLE  I. 

Weights  of  Building  Materials,  Etc. 
Pounds  per  Cubic  Foot. 


Material. 


ed  and  paving, 
ion  building .  . 
>uilding 


furnace  slag . 


ind  earth  (dry) , . . 
"        "      (moist) . 


taltum . 
aris.  . . 


\y  fallen . 
id 


Weight. 


150 
120 
100 
170 
170 
160 
150 
40 
160-180 

S3 
120 

175 
100 
120 

45 
100 
140 
160 

62J 

5 
12 

50 

25 


Material. 

Hemlock 

White  pine 

Douglas  fir 

Yellow  pine 

White  oak 

Mortar 

Stone  concrete 

Cinder      "       

Common  brick  work 

Rubble  masonry,  sandstone 

"  "        limestone 

"  "        granite 

Ashlar         "        sandstone 

"  "         limestone 

graiiite 

Cast  iron 

Wrought  iron 

Steel 

Lead 

Copper,  rolled 

Brass 

Plaster,  ceiling  10  to  15  lb.  per  sq.  ft. 


Weight. 

25 

25 
30 
40 
50 

100 

ISO 

no 
100-120 
130-140 

140 
150 

140-150 

165 
450 
480 

490 
711 
490 
523 
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For  details  and  data  on  fireproofing  and  fireproofing  materials,  see  Freitag's  "Fire  IVeventioi 
and  Fire  Protection,"  and  Kidder's  "Architects  and  Builders  Pocket  Book." 

LOADS. — ^The  loads  coming  on  office  buildings  may  be  grouped  under  the  following  headings 
(i)  dead  loads;  (2)  live  loads;  (3)  wind  loads;  (4)  snow  loads;  (5)  miscellaneous  loads. 

Dead  Load.^The  "dead  load"  includes  the  weight  of  the  structure,  and  other  permanent 
fixtures  and  machines.  A  formula  for  the  weight  of  roof  trusses  is  given  in  Chapter  I.  Tbe 
weights  of  materials  are  given  in  Table  I.  The  actual  weights  of  all  dead  loads  should  be  caku* 
lated.  The  minimum  weight  of  a  fireproof  floor  should  be  taken  at  not  less  than  75  lb.  per  sq.  ft. 
of  floor  surface.  In  office  buildings  a  minimum  of  10  lb.  per  sq.  ft.  should  be  added  for  movabk 
partitions. 

WEIGHT  OF  STEEL  IN  TALL  BUILDINGS.— The  weight  of  the  steel  framework  for  tall 
steel  buildings  varies  with  the  height,  the  column  spacing,  the  floor  loads  and  other  conditions. 
The  weights  of  steel  per  cubic  foot  for  several  tall  steel  buildings  are  given  in  Table  II.  In  caku- 
lating  the  weight  per  cubic  foot  only  the  part  of  the  building  above  the  curb  was  considered. 


TABLE  II. 
Weight  of  Steel  in  Tall  Buildings,  Pounds  per  Cubic  Foot. 


Building. 

Plan 
Sq.  Ft. 

Heigh 
Stories. 

t. 
Ft. 

Weight  of 
Steel.  Lb. 
per  Cu.  Ft. 

Reference. 

Park  Row  Building,  New  York. . 
Hotel   Astor   (addition),   New 
York 

15,000 

21,306 

9,018 

3,952 

13,231 

31,000 

42,686 

5,000 

55,000 

39,500 

94,000 

7.500 

26 
9 

^2 
18 

13 
55 

7 

12 

25 
10 
12 

307 

543 
220 

580 

309 
176 
145 

3.6 
2.6 

\l 

2.3 

3.6 
2.1 

2.8 
2.0 
3.0 
2.8 

Eng.  News,  Oct.  8,  1896 

Eng.  Record,  Oct.  14,  191 1 

Eng.  Record,  Feb.  II,  1911 
Eng.  Record,  April  I,  1911 
Eng.  Record,  May  I7,  1911 
Eng.  Record  May  27,  191 1 
Eng.  News,  July  27,  191 1 
Eng.  News,  July  25,  1912 

Eng.  Record,  May  il,  1912 
Eng.  Record,  Mar.  30, 1911 
Eng.  Record,  July  9,  1910 
Designed  by  the  author 

Banker's  Trust  Building,  New 
York 

Underwood  Building,  New  York  . 

Hotel  Rector,  New  York 

Woolworth  Building.  New  York. 
Municipal  Building,  New  York. . 
Poole  Bros.  Printing,  Chicago..  . 
Merchants  &  Mfgs.  Exchange, 
New  York 

Hotel  McAlpin,  New  York  ..... 
Curtis  Building,  Philadelphia .  .  . 
Office  Building,  Denver 

Live  Loads. — The  live  loads  on  floors  are  commonly  given  in  pounds  per  square  foot.  Th 
minimum  live  loads  in  pounds  per  square  foot  as  required  by  the  buildings  laws  of  several  dtie 
are  given  in  Table  III. 

Mr.  C.  C.  Schneider,  M.  Am.  Soc.  C.  E.,  in  his  "General  Specifications  for  Structural  Work< 
Buildings"  gives  the  following  requirements  for  live  loads  on  floors. 

"Table  IV  gives  the  Mive'  load  on  floors,  to  be  assumed  for  different  classes  of  buflding 
These  loads  consist  of:  (a)  A  uniform  load  per  square  foot  of  floor  area;  (6)  A  concentrate 
load  which  shall  be  applied  to  any  point  of  the  floor;  (r)  A  uniform  load  per  linear  foot  for  girdei 
The  maximum  result  is  to  be  used  in  calculations.  The  specified  concentrated  loads  shall  aL 
apply  to  the  floor  construction  between  the  beams  for  a  length  of  5  ft." 
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TABLE  in. 

Floors  and  Roofs. 

Minimum  Live  Loads,  Pounds  per  Square  Foot. 

By  Building  Laws  of  Various  Cities. 

American  Bridge  Company. 


KinA  of  Building. 

1^ 

ft 

i 

■5  g 

I5 
5 

L  d 

c  Roonif  *  iind  Halls  *.,*.,,,,»»»,,,  ^ . . 

100 

60 

70 

60 

so 

50 

80 
100 
So 

too 

tso^ 

40 

60 

60 

lyHaUt 

I  ScAt  Auditoriunii  * ,  ,  .  *  * ,  ^  . ,  *  * ,  ^  . ,  *  * , 

9^ 

120 

75 

75 

I2S 

»^S 

I2S 

150 

"SO 
ISO 

I2S 

so 

too 

100 
too 

100 

100 

12s 

75 

t2S 
125 

ible  Seat  Auditonums 

chc*. ■ 

90_ 

cHallt . 

200 

300 

200  1 

kf  Schoob 

ters  .       ,,.......» ^  . .  * ,  . 

90 

60 

70 

g 

^40' 

100 

40 

"6& 

60 

i«^  ^  ^ , . . . .  ^ . . . . ,  ......  . , . . . 

100 

so 

60 

70 

60 

70 

so 

so 

60 
100 

60 

Floora * .  - 

xlon        i,    t.*,.,*..,.,..,,,,..,,,^,*. 

So 
fio 

t  Floon 

too 

100 

"5 ; 

ic  Rooms* * ..  ^  .........,..**. . 

ictuung 

t  FACtorici                ,  -    .        ...      *  - . . 

120 
120 

110 

ISO 

Its 

us 

I2S 

100 

ISO 

i*S 

itile .,,.... 

y  Stoi^houscs 

ISO 

ISO 

75 
ISO 

ISO 
120 
ISO 
100 

250 

I2S 

75 
150 

200 

12s 

200 

70 

200 
tiS 

60 

aso 

1^5 

ISO 

if  Storci               .  ■    . .  . .  . . 

ISO, 
100  1 
100 

too 

100 

so 

150 

70 
ISO 

jiou&et  * 

Floor 

dofi...  ,.... .. 

100 

60 

80 
200  1 

80 

(Qau  Rooms) 

nblv  Room* — Halls  .,.,,,,........... 

60 

1^5 

7S 

300 

7S 

7S 

70 
70 

40 

7S 

100 

7S 
lis 
ISO 

75 

Iki. _................. 

100 
100 

— CarriiiiFc  Housct .................... 

IQO 

40 
100 

1e«  than  ^oo  sq.  ft. 

[fi  and  Landmgs 

70 
70 
40 

ao 
80 
40 

40 

Efcapcs 

-FbtJ. 

50 
30 

3^ 

sail 

40 
20 

"30 

sol 

so 
50 

3S 

40 

30 
20 

Boatal  Proiection  StccD  Roofi .......... 

rficiaJ  Surface . 

^rcssyr^ 

30 

20 

■30 

20 

fe*  greater  than  goo  square  fe*t. 

int  Floon  200. 

opet  less  than  20  degrees. 

cid  and  live,  except  for  one  story  steel  frs 

Igh  Buildings,  buUt  up  districts,  35  pounc 

pouods  less  each  story  below, 

[gqrea  for  manufacturing  establishments  d 

ime  bi 
h-.H 

0  not 

lildbgs,  corrupted  iron  roofs,  %$  pounds* 
stories  or  over,  1$  potindi  at  tenth  story,  jj 

include  machinery. 
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Classes  of  Buildings. 


Live  Loads  in  Pounds. 


Distributed 
Load. 


Concentrated 
Load. 


Linear  Ft.  of 
Girder. 


Dwellings,  hotels,  apartment-houses,  dormitories,  hos- 
pitals   

Office  buildings,  upper  stories 

Schoolrooms,  theater  galleries,  churches 

Ground  floors  of  office  buildings,  corridors  and  stairs  in 
public  buildings 

Assembly  rooms,  main  floors  of  theaters,  ballrooms,  f 
gymnasia,  or  any  room  likely  to  be  used  for  drilling  -s 
or  dancing t 

Ordinary  stores  and  light  manufacturing,  stables  and 
carriage-houses 

Sidewalks  in  front  of  buildings 

Warehouses  and  factories 

Charging  floors  for  foundries 

Power  houses,  for  uncovered  floors 


40 
60 

80 

Floor  100 
Columns  50 

80 

300 

from  120  up 

"     300  *^ 


} 


2  000 
5  000 
5  000 

5  000 

5  000 

8  000 
10  000 
Special 


500 

I   CXX) 
I   CXX) 

I   000 

I  000 


I   000 

I  000 
Special 


The  actual  weights  of 

engines,  boilers,  stacks, 

etc.,  shall  be  used,  but  in 

no  case  less  than  200  lb. 

.  per  sq.  ft. 


"  If  heavy  concentrations,  like  safes,  armatures,  or  special  machinery,  are  likely  to  occur  on 
floors,  provision  should  be  made  for  them.  For  structures  carrying  traveling  machinery,  such 
as  cranes,  conveyors,  etc.,  25  per  cent  shall  be  added  to  the  stresses  resulting  from  such  live  load, 
to  provide  for  the  effects  of  impact  and  vibration." 

Mr.  Schneider's  method  for  live  loads  is  the  most  rational  method  yet  proposed.  In  the 
design  of  floor  slabs  when  using  this  method  the  author  has  used  an  equivalent  distributed  load 
equal  to  twice  the  distributed  loads  in  Table  IV^  and  has  omitted  the  concentrated  load  and  load 
per  lineal  foot  of  girders. 

The  floor  loads  on  warehouses  and  the  recommended  floor  loads  per  sq.  ft.  have  been  tabu- 
lated by  the  American  Bridge  Comj>any  in  Table  V. 

Wind  Loads. — The  wind  loads  required  by  different  cities  are  given  in  Table  III. 

Schneider's  specifications  for  wind  load  are  as  follows: 

"The  wind  pressure  shall  be  assumed  as  acting  in  any  direction  horizontally:  First. — ^At  20 
lb.  per  sq.  ft.  on  the  sides  and  ends  of  buildings  and  on  the  actually  exposed  surface,  or  the  vertical 
projection  of  roofs;  Second. — At  30  lb.  per  sq.  ft.  on  the  total  exposed  surfaces  of  all  parts  com- 
posing the  metal  framework.  The  framework  shall  be  considered  an  independent  structure, 
without  walls,  partitions  or  floors." 

Additional  data  on  wind  loads  are  given  in  Chapter  I. 

Snow  Loads. — The  snow  loads  on  roofs  are  given  in  Fig.  i,  Chapter  I. 

Schneider's  specifications  require  "A  snow  load  of  25  lb.  per  sq.  ft.  of  horizontal  projection 
of  the  roof  for  all  .slopes  up  to  20  degrees;  this  load  to  be  decreased  I  lb.  for  every  degree  of  increase 
of  slope  up  to  45  degrees,  above  which  no  snow  load  is  to  be  considered.  The  above  snow  loads 
are  minimum  values  for  localities,  where  snow  is  likely  to  occur.  In  severe  climates  these  snow 
loads  should  be  increased  in  accordance  with  the  actual  conditions  existing  in  these  localities.'* 
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Minimum  Roof  Loads. — Schneider's  specifications  contain  the  following: 

"In  climates  corresponding  to  that  of  New  York,  ordinary  roofs,  up  to  80  ft.  span,  shall  be 
proportioned  to  carry  the  minimum  loads  in  Table  VI,  per  square  foot  of  exposed  surface,  applied 
vertically,  to  provide  for  dead,  wind  and  snow  loads  combined: 

TABLE  VI. 
Minimum  Loads  on  Roofs. 

{On  boards,  flat  slope,  i  to  6,  or  less 50  lb. 

On  boards,  steep  slope,  more  than  i  to  6 45  " 

On  3-in.  fiat  tile  or  cinder  concrete 60  " 

Corrugated  sheeting,  on  boards  or  purlins 40  " 

Slate  I  ^^  boards  or  purlins 50  " 

siate  I  Q^  ^-^^  ^^^  £Qg  ^j.  j,^Q^gj  concrete 65  " 

Tile,  on  steel  purlins 55  *' 

Glass 45  " 

"For  roofs  in  climates  where  no  snow  is  likely  to  occur,  reduce  the  foregoing  loads  by  10  lb. 
per  sq.  ft.,  but  no  roof  or  any  part  thereof  shall  be  designed  for  less  than  40  lb.  per  sq.  ft." 

LIVE  LOADS  ON  COLUMNS.— Schneider's  specifications  require  that: 

"For  columns,  the  specified  uniform  live  loads  per  square  foot,  Table  IV,  shall  be  used, 
with  a  minimum  of  20,000  lb.  per  column. 

"  For  columns  carrying  more  than  five  floors,  these  live  loads  may  be  reduced  as  follows: 

"For  columns  supporting  the  roof  and  top  floor,  no  reduction; 

"For  columns  supporting  each  succeeding  floor,  a  reduction  of  5  per  cent  of  the  total  live 
load  may  be  made  until  50  per  cent  is  reached,  which  reduced  load  shall  be  used  for  the  columoi    j 
supporting  all  remaining  floors." 

The  Chicago  Building  Ordinance  (1911)  requires  that  live  loads  on  walls,  columns  and  pien 
be  taken  as  follow^: 

"  (a)  The  full  live  load  (sec  Table  III)  on  roofs  of  all  buildings  shall  be  taken  on  walls,  pien, 
and  columns. 

"  (b)  The  walls,  piers  and  columns  of  all  buildings  shall  be  designed  to  carry  the  full  desd 
loads  and  not  less  than  the  proportion  of  the  live  load  given  in  Table  v  1 1. 

TABLE  VII. 

Percentage  of  Live  Load  for  Columns. 

Chicago  Building  Ordinance  (191 1). 


"(c)  The  proportion  of  the  live  load  on  walls,  piers,  and  columns  on  buildings  more  lb* 
seventeen  stories  in  height  shall  be  taken  in  same  ratio  as  the  above  table.  ^ 

"(d)  The  entire  dead  load  and  the  percentage  of  live  load  on  basement  columns,  pienl* 
walls  shall  be  taken  in  determining  the  stress  in  foundations." 


LOADS  ON  FOUNDATIONS.— Schneider's  specifications  require  that: 

**T'  1  lids  on  columns  shall  be  asaumed  to  be  the  same  as  for  the  footings  of  columnB. 

Tbc  ar  buses  of  the  columns  shall  be  proportioned  for  the  dead  load  only.     That  founda- 

tion ^1  es  the  largest  ratio  of  live  to  dead  load  shall  be  selected  and  proportioned  for  the 

combir  tnd  live  loads.     The  dead  load  on  this  foundation  shall  be  div^rded  by  the  area 

thus  f'j      .  1  his  reduced  pressure  per  square  foot  shall  be  the  permissible  working  pressure  to 

be  iiaed  tor  the  dead  load  for  ail  foundations." 

FELESSURE  ON  FOUNDATIONS.— The  following  allowable  pressures  may  be  uaed  in 
the  absence  of  definite  data.  No  important  structure  should  be  built  without  the  making  of 
drrfu!  tests  of  the  bearing  power  of  the  soil  upon  which  it  is  to  rest. 

Tbc  loads  on  foundations  should  not  exceed  the  following  in  tons  j3er  square  foot: 

Onlinary  clay  and  dry  sand  mixed  with  clay  2 

Dry  Band  and  dry  clay $ 

Hard  clay  and  firm,  coarse  sand ,......,,.  4 

Firm,  coarse  sand  and  gravel 5      M 

Sliale  rock s      I 

Hard  rock , 20 

For&ll  floita  infiTiur  to  ihe  above,  such  as  loam,  etc.,  never  more  than  one  ton  per  square  foot. 
The  Chicago  Building  Ordinance  (191 1)  requires  that: 

**(a)  If  the  soil  is  a  layer  of  pure  clay  at  least  fifteen  feet  thick»  without  admixture  of  any 
(oretgQ  ^ubj^lance  other  than  gravel  it  shall  not  be  loaded  to  exceed  3,500  lb.  per  sq.  ft.  If  the 
nil  tia  byer  of  pure  clay  at  least  fifteen  feet  thick  and  is  dry  and  thoroughly  compressed*  it  may  be 
kmied  not  to  exceed  4,5*^  Ih.  per  sq.  ft. 

'•(b)  If  the  soil  is  a  layer  of  firm  sand  fifteen  feet  or  more  in  thickness,  and  without  admixture 
of  cljy,  triam  or  other  foreign  substance,  it  shall  not  be  loaded  to  exceed  5»ooo  lb.  per  sq.  ft. 

"(c)  If  the  soil  is  a  mixture  of  day  and  sand,  it  shall  not  be  loaded  to  exceed  3.000  lb.  per 
iq.ft 

'Toufidatioos  ^hall  in  all  cases  extend  at  least  four  feet  below  the  surface  of  the  grouj 
wpoa  which  they  arc  buiJt,  unless  footings  rest  on  bed  rock,*' 

PRESSURE  ON  MASONRY. — The  allowable  stresses  in  masonry  and  pressures  of  beamST 
(Ctrd«r$^  column  bases,  etc.  on  niasonr>'  as  given  in  Table  Vllf  represent  good  practice. 

TABLE  VIII. 

.\txowABLE  Stresses  m  Masonry  and  Pressures  of  Bearing  Plates. 


Kind  of  Maionry. 

Sq/c  Strmaei  In 

Majonry.  Lb,  per 

Sq.  In. 

Safe  Ptpwutoi  of  Walla. 
Plate«  and  Columiw  on     j 
Maiofiry^.  Lb.  per  Sq,  In,  "^ 

CvOTi  r  Kri  I,  P  inl.^nJ  Cement  Mortar.  .    .  .  _  . 
rid  Cement  Mortar.  , . .  . 
■  \  Cement  Mortar., . , . .  . 

I  ■-.:  i  -                                    ■    -le _ 

^  1  1  1^.  J                                        '<-d  Sandstone .  , 

ftm  Oi                                         

Pint  CUi                                                               . . 

I^I*nri  ^..     ,,.  ,  .   ^.  •.M.^^..-,  .    ^   -^ . 

f*  **Ln  i  L<:i,t£?nt  Concrete,  I-;?-? 

170 
210 
170 
280 
400 
300 
400 
400 
300 

250 

300                          1 

250                          ' 

'^       : 
IS 

600 
400 

BRABJIfG  POWER  OF  PILES. — The  maximum  load  carried  by  a  pile  should  not  exceed 

4o«occi  Vb*     Vih'^  *ihnuld  be  driven  not  less  than  10  ft,  in  hard  material,  nor  less  than  20  ft.  in  soft 

*f5.it.-ri^ij  il  the  pile  is  to  lie  loaded  to  full  bc-aring.     The  safe  l<jad  should  not  exceed  that  given  by 

cioeertfig  News  formula  (l),  Chapter  XIV, 

*PT^«rvt?SS  or  WALLS.— The  minimum  thickness  of  curtain  walk  in  steel  skeleton 

_'^ldi  be  i-l  in.  for  brick  or  concrete  and  8  in.  for  reinforced  concrete. 
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Chap.  II. 


Schneider's  specifications  give  the  following  empirical  rule  for  calculating  the  thickness  of 
walls  in  buildings  several  stories  in  height. 

"The  minimum  thickness  of  walls  will  be  given  by  the  formula 

/«  L/4  +  (//,+  //,+  ...  +/f.)/6 

where  /  »  minimum  thickness  of  wall  in  inches.  L  »  unsupported  length  in  feet,  which  shall  be 
assumed  an  not  less  than  24  ft. ;  and  Hu  Ht,  Hi,  etc.  the  heights  of  stories  in  feet  b^^iimiiig  at  the 
top.     CcUiir  walls  are  to  be  4  in.  thicker  than  the  first  story  walls." 

The  Chicago  Building  Ordinance  (191 1)  contains  the  following: 

"  (a)  Brick,  stcme,  and  wilid  concrete  walls,  except  as  otherwise  provided,  shall  be  of  the 
thickness  in  inches  indicated  in  the  following  table:** 

Thickness  of  Walls. 
Chicago  Building  Ordinance  (191 1). 


One-siory  ...... 

Twfj-slcir}'. . , .  * . 

Tbrc<MSif»ry 

rour-sior>\  ». .  . , 
l''ive-sti»fy. .  .. ,. 

Sjx-fiiory ,. 

Sevcn-ftory*.. ,. 
Kijfhi-siciry.  . .  . . 

Mnc-sturj' * 

'I  cn-slnry 

Klcvcn-atriry . .  . . 
TwulvC'SlEjry**.. 


5si«eiii«iit. 


16 
16 


St4]Tici, 


so 

20 

24 

20 

H 

10 

H 

20 

U 

2+ 

28 

24 

z$ 

2B 

2B 

zH 

3* 

aS 

12 
16 


12 
IZ 
16 
20 
to 
20 

H 

2+ 
28 
J8 
28 


12 

t6 

16 

20 

20 
ZQ 

24 
2+ 

H 
28 


12 
16 
16 
20 
20 
20 

H 


16 
16 
16 
20 
20 
^4 
24 
24 


16 
16 
16 
20 

20 
20 
24 


HJL 


16 
16 

20 
20 
20 


16 
16 
20 
20 
20 


16 

t6 

20 


10       n 


16 
t6 
16 


16 
t6 


i« 


WATERPROOFING.— For  methods  of  waterproofing  walls,  floors,  etc.»  see  methods  of 
waterpnx)fing  bridge  Hours  in  Chapter  IV. 

CALCULATION  OF  WIND  LOAD  STRESSES.— (i)  The  wind  load  on  the  sides  of  the 
Hlei-1  frame  in  a  building  in  which  the  wind  bracing  is  all  in  the  outside  walls  of  the  building  will 
Im*  carried  to  the  ends  of  the  building  by  means  of  bracing  in  the  plane  of  each  floor  or  by  the  floor 
slabs  where  the  llfKjrs  are  made  of  reinforced  concrete,  and  the  loads  will  then  be  transfetred  to 
the  foundations  by  means  of  bracing  in  the  planes  of  the  ends  of  the  building.  In  cakulatiftg  |he 
stresses  in  the  bracing  in  the  ttnd  panels  it  is  usual  to  assume  that  the  wind  load  carried  by  etcb 
braced  U'nt,  ccnisisting  of  two  columns,  together  with  the  floor  girders  and  wind  bractng,  iscqusl 
to  th(>  total  wind  ItKid  divided  by  the  numl>er  of  braced  panels  in  the  plane.  This  was  the  methoel 
usfd  in  calculating:  the  stressi^s  in  the  Singer  Tower,  New  York.  (2)  As  usually  constructed  the 
intt'rior  columns  have  brackets  and  (mly  [xirt  of  the  wind  load  will  be  transferred  to  the  end*  or 
sides  of  the  building,  the  remainder  of  the  wind  load  will  be  transferred  to  the  foundatiofis  bf 
IMtrtal  act  inn  .ind  tlexure  in  the  columns  and  Ix'ams.  It  is  not  possible  to  determine  the  prapottioa 
of  the  wind  load  that  will  be  taken  by  the  main  framework  and  by  the  ends  of  the  building,  as  tlie 
stresses  in  the  framework  are  statically  indeterminate.  During  erection  and  before  the  floon 
have  Ikvn  put  in  place,  or  with  tyix^s  of  tl(K>rs  which  do  not  increase  the  rigidity  of  the  buildinf  b 
horizontal  planes,  the  wind  hiads  will  all  Ix?  taken  by  the  framework  normal  to  the  side  of  the 
buiUling  uiH)n  which  the  wind  blows.  This  wind  load  is  commonly  taken  as  30  lb.  per  sq.  ft.  d 
all  framework  exposi-d.  When  ri^id  floors  have  been  put  in  place  and  the  building  is  campled 
the  wind  load  will  Ih'  taken  by  the  end  transverse  frames  and  the  intermediate  transverse  framok 
in  pro|H>rtion  to  the  relative  rigidity  of  the  two  frameworks.  In  a  long  narrow  building  will 
erticient  wind  bracing  in  the  intermediate  framework,  practically  all  the  wind  load  will  be 
dinvtly  to  the  foundations  by  the  transverse  intermediate  bents;  while  in  the  direction  of  tl 
length  of  the  building,  practically  all  the  wind  load  will  lie  carried  by  the  bradng  in  the 
the  building.     For  a  building  as  long  as  wide  with  rigid  floors  and  efficient 
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rfiiricni  wind  bracing  in  the  ends  and  sides  of  the  building,  it  would  appear  reasonable  to 
mc  that  in  the  completed  building  one-half  the  wind  load  will  be  taken  by  the  intermediate 
nsvcrse  framework,  and  one-half  will  be  transferred  by  means  of  the  doors  to  the  ends  of  the 
dng  and  then  transferred  to  the  foundations  by  means  of  wind  bracing  in  the  ends  of  the 
The  author's  specifications  permit  reinforced  concrete  floors  to  be  considered  as  assisting 
ing  wind  loads  in  finished  buildings^  but  most  sfxrcifications  require  that  the  steel 
b«-*  required  to  carr>'  all  the  wind  loads  in  the  completed  structure, 
transverse  intermediate  framework  usually  consists  of  columns  and  floor  girders,  in 
!  fli^or  girders  have  brackets  or  knee  braces  at  the  ends  to  increase  the  rigidity  of  the 
work.  It  will  be  seen  that  it  is  not  only  impossible  to  calculate  the  amount  of  wind  load 
it  taken  by  each  intermediate  transverse  framework,  but  that  the  intermediate  transverse 
ramcwork  b  itself  statically  indeterminate.  In  addition  to  being  statically  indeterminate  it  is 
m  possible  to  determine  the  sizes  of  the  columns  and  floor  girders  until  after  the  wind  stresses 
ft  determlnccL  With  a  given  framework  in  which  the  sizes  of  the  members  and  the  loads  arc 
Jven  the  ftresses  may  be  calculated  by  taking  into  account  the  deformations  of  the  structure  or 
y  thf?  *•  Theory  of  Least  Work/*  From  the  above  it  can  easily  be  seen  that  an  exact  solution  of 
1^  tresses  in  a  tall  steel  frame  building  is  impracticable  and  that  an  approximate  practical 

p    :  rnust  l>e  used.     Three  approximate  methods  for  calculating  the  wind  stresses  in  tall 

Kfnimc  buUrJings  are  described  by  Mr.  R.  Fleming  in  Eng.  News,  March  13,  1913.  The  third 
pd  described  by  Mr.  Fleming,  and  known  as  the  '*  Continuous  Portal  Method,'*  follows  the 
pd  of  the  continuous  portal  given  in  the  author's  **  Design  of  Steel  Mill  Buildings"  and  is  the 
bd  in  most  common  use.  This  method  will  now  be  described  and  some  of  its  limitations 
rill  tie  shown. 

Probtem. — A  transverse  intermediate  frame  bent  consisting  of  four  columns  with  bracketed 
girders  will  be  taken  as  in  Fig.  t.  The  wind  loads  are  ajisumed  as  acting  in  the  planes  of  the 
DOTS  a*  shown, ^  It  will  be  assumed:  (i)  That  the  framework  is  rigid,  that  is  the  columns  and 
^inr  friers  do  not  change  their  lengths,  (2)  That  each  of  the  four  columns  takes  one-fourth 
^^,  .  (3)  That  the  points  of  contra-flcxure  in  the  columns  are  midway  between  the  floors. 
the  vertical  compjonents  of  the  stresses  in  the  columns  vary  as  the  distance  from  the 
r  of  the  building,  or  center  of  gravity  of  the  columns, 

«hcar  in  each  column  between  the  6th  floor  and  the  roof  will  be  1,000  lb.     The  shear  in 

IttOin  between  the  5th  and  6th  floors  will  be  2,500  lb.     The  shear  in  each  column  between 

juid  5th  lloors  will  be  4,000  lb.     The  shears  in  the  other  columns  are  shown  in  Fig.  1. 

ing  moments  at  the  tops  of  each  column  between  the  6th  floor  and  the  roof  is  M  » 

X  6  ft.  —  H-  6,000  ft. -lb.     To  calculate  the  vertical  stresses  in  the  columns  in  the  top 

loomrnts  about  a  plane  cutting  the  columns  in  the  points  of  contra* flexure.     Then 

^•ary  aj  the  distance  from  the  center  of  the  building, 

Vi  X  24  ft.  +  F«  X  8  ft.  -  F,  X  8  ft.  -  F«  X  24  ft. 

=  4,000  lb.  X  6  ft, 

=  24»ocx)  ft,-lb. 

Fi  =  -  V4  =  ^V,  =  -3F., 

Ff(3  X  24  +  8  -Mi  +  3  X  24)  ft.  =  24,000  ft.-Ib 

F,  =?^  lb.  =  150  lb.  =  -  F, 

Fi  -  450  lb.  =  -  F4. 

ic»ment  in  the  floor  girder  at  the  top  of  column  No,  T  must  be  M  «  —  6,000 

^quAl  to  the  vertical  stress  in  column  No.  i  multiplied  by  the  distance  to  the 

(of  ooeira-dcxurr.    The  poitnt  of  contra-flcxure  in  floor  girder  2-3  will  be  at  the  center  of 
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Fig.  I.    Wind  Stbesses  in  a  Tall  Buildikc. 
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pftficl*  while  the  point  of  contra-flexune  in  floor  girder  3-4  will  be  13  ft.  4  in»  from  column 
4.  The  bending  moments  at  the  top  of  column  No.  2  will  h^  Mi  —  -f  6,000  ft.-lb,;  in  the 
[ht  rod  of  floor  girder  1-2  will  be  if|_«  *=  —  45b  lb.  X  2  ft.  8  in.  =  —  l»2O0  ft.-lb,;  in  the  left 
of  floor  girder  2-3  will  be  Mt^  -  —  600  lb.  X  8  ft.  =  —  4,800  ft. -lb.  It  will  be  stcn  that 
Rim  oC  the  bending  moments  tKiuaJs  zero  and  the  point  is  in  equilibrium.  The  bending 
its  at  the  tops  of  columns  No,  3  and  No.  4  are  calculated  in  the  same  manner.  The  direct 
tlM>r  girder  3-4  is  4,500  lb.,  in  tl'jor  girder  2-3  is  3.000  lb.,  and  In  floor  girder  t-2  h  1 ,500  lb. 
the  plane  of  the  6lh  floor  the  bending  moments  at  the  fo<jt  of  the  columns  between  the 
ir  and  the  roof  will  be  Af  =  -f-  6,000  ft. -lb.,  while  the  bending  moments  in  the  columns 
he  6th  floor  will  be  Af  =  2.500  lb.  x  6  ft.  =  +  15,000  ft.-lb.  The  bending  moments  in  the 
ders  arc  calculated  as  for  the  roof  girders.  It  will  be  seen  that  the  sum  of  the  bending 
iomenU»  at  each  intersection  of  columns  and  floor  girders  equals  zero  and  the  structure  h  in 
equilibrium.  The  remainder  of  the  vertical  stresses^  horizontal  stresses  and  bending 
its  are  easily  calculated  in  the  same  manner. 

tatioci  of  Method. — When  the  transverse  framework  consists  of  more  than  four  bays 
»lumns)  the  s>olution  above  locates  the  point  of  contra-flexure  of  the  leeward  floor  girder 
•  rid  panel*  and  the  method  fails,  as  the  point  of  contra- flexure  in  the  girder  must  not 

A  of  the  girder.      Far  a  wide  building  the  ihears  cannot  he  taken  equal. 

Distribution  of  Shears* — In  the  above  bolution  it  is  assumed  that  the  shear  is  taken  equally 
^y  tfkt  coliimiift.  If  the  columns  do  not  have  the  same  cross-section  this  assumption  will  not  be 
Swnjct.  If  the  columns  do  not  have  the  same  cross-section  the  condition  that  the  deflection  of 
tBr  jjointi  of  contra- flexure  in  each  story  are  eciual  will  require  that  the  shears  in  the  columns 
k  in  proptmion  to  the  moments  of  inertia  of  the  cross-sections  of  the  columns. 

us  having  a  greater  width  than  four  bays  the  most  consistent  method  is  to  caleu- 

1  the  outride  columns  so  that  the  points  of  contra-flcxure  in  the  flocir. girders  will 

TftU  «iMU*d4^  the  girder,  the  remainder  of  the  shear  being  equally  divided  among  the  inside 


ALLOWABLE  STRESSES.— The  allowable  stresses  in  the  steel  framework  of  high  building* 

I  be  tAkefi  the  «kimc  as  for  steel  frame  buildings  in  Chapter  L     It  is  usual  to  add  25  per  cent 

:  It-iad  stresses  due  to  cranes  and  vibrating  machinery  to  provide  for  impact. 

isoQ  of  Compression  Formulas. — The  standard  formula  for  the  design  of  compression 

KmtieT%  adnptc^i  by  the  Am.  Ry.  Eng.  Asisoc.,  is  used  by  the  author  in  his  "Specifications  for 

i  Fnune  Buildings"  in  Chapter  1,  and  by  the  building  ordinance  of  Chicago.     The  A.  R.  E,  A. 


F  ^  16.000  —  70//f 


(I) 


>  tn  lb.  pier  &q.  tn.;  /  -  length  and  r  *  least  radiua  of  gyration  of  the  column 
I  mum  value  of  P  is  taken  as  14^000  lb* 
Amcntan  Bridge  Company's  Formula* — The  American  Bridge  Company  has  adopted 
Iming  (ormuLi  for  the  design  of  cumpre<^sion  members, 
ooii3|]fi!iaioti  <if  gross  sections  of  columns*  for 

r»iki  of  !fr  up  to  120                                                              _  .  19,000  —  ioo//f 
with  a  maximum  of .  . .  13,000 


lUtkh. 


Amount. 


13000 
12000 
ItOOO 
10000 
9000 
$000 
7000 


Ratio. 


130 
140 

ISO 
160 

170 
180 
tgo 


Amount. 


6500 
6000 
5500 
5000 

4500 
4000 

5500 
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where  /  >■  effective  length  of  members  in  inches, 

r  B  corresponding  radius  of  gyration  of  section  in  inches. 

For  ratios  of  //r  up  to  120,  and  for  greater  ratios  up  to  200,  use  the  amounts 
preceding  table.     For  intermediate  ratios,  use  proportional  amounts. 

A  comparison  of  several  compression  formulas  is  given  in  Table  IX. 


TABLE  IX. 

Comparison  of  Compression  Formulas. 

Allowable  Unit  Stresses  in  Pounds  per  Square  Inch. 

American  Bridge  Company. 


A.  R.  E.  Ass'n. 

Chicago. 

Gordon. 

New  York. 

Philadelphia. 

] 

Ketchum. 

A.  B.  Co. 

r 

16,000-70  -  - 

12.500 

xS,aoo-s8^-. 

z6.a50 

II    **   ' 

1* 

14,000  max. 

*  '  36.000  r» 

0 

13  000 

14  000 

12  500 

15  200 

16  250 

«; 

13  000 

14  000 

12  490 

14  910 

16  215 

10 

13  000 

14  000 

12  460 

14  620 

16  100 

15 

13  000 

14  000 

12  420 

14  330 

^5  925 

20 

13  000 

14  000 

12  36s 

14  040 

15  680 

2S 

13  000 

14  000 

12  285 

13  750 

15  375 

30 

13  000 

13  900 

12  195 

13  460 

15  020 

35 

13  000 

13  550 

12  090 

13  170 

14  620 

40 

13  000 

13  200 

II  970 

12  880 

14  185 

45 

13  000 

12  850 

II  835 

12  590 

13  72s 

50 

13  000 

12  500 

II  690 

12  300 

13  240 

55 

13  000 

12  150 

II  530 

12  010 

12  745 

60 

13  000 

II  800 

II  365 

II  720 

12  240 

65 

12  500 

11  450 

II  185 

II  430 

II  740 

70 

12  000 

II  100 

II  000 

II  140 

II  240 

75 

II  500 

10  750 

10  810 

10  850 

10  750 

80 

11  000 

10  400 

10  615 

10  560 

10  275 

85 

10  500 

10  050 

10  410 

10  270 

9  810 

90 

10  000 

9  700 

10  205 

9  980 

9  360 

95 

9  500 

9  350 

9  995 

9  690 

8  930 

100 

9  000 

9  000 

9  785 

9  400 

8  510 

105 

8  500 

8  650 

9  570 

9  no 

8  115 

no 

8  000 

8  300 

9  355 

8  820 

7  740 

"S 

7  500 

7  950 

9  140 

8  530 

7  380 

120 

7  000 

7  600 

8  930 

8  240 

7035 

125 

6  750 

7  250 

8715 

6  715 

130 

6  500 

6  900 

8  510 

6  405 

135 

6  250 

6  550 

8  300 

6  115 

140 

6  000 

6  200 

8  095 

5  840 

H5 

5  750 

5  850 

7  890 

150 

5  500 

5  500 

7  690 

IS5 

5  250 

7  495 

160 

5  000  . 

1' 

7  305 

165 

4  750 

7  120 

170 

4  500 

6  935 

175 

4  250 

6  755 

180 

4  000 

6  580 

185 

3  750 

6  410 

190 

3  500 

6  240 

195 

3  250 

6  080 

200 

^  000 

5  920 
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Table  IX,— Continued. 


Abbreviation. 

Maximum  Ratio  of  1/r.               | 

Name  of  Formula. 

Main  Members. 

Biadng  Struts. 

lerican  Bridse  ComDanv 

A.  B. 

A.  R.  E.  A. 

C. 

K. 

G. 

N.y. 
p. 

B. 

120 
100 
120 
125 

120 
140 
120 

200 
120 
150 
150 

icrican  Railway  Engineering  Association — 
iicaso  Buildine  Law 

'tchum*8  Soecificattons 

>rdon                  

rw  York  Buildmff  Law 

liladelphia  Building  Law 

Jston  Building  Law 

.}-.Co/J5 


\ 

1 

»    1 

I     I 
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SETiULS  OF  FRAMEWORK.— The  framework  of  a  steel  skeleton  building  consists  of 
and  floor  girders  which  carry  the  floor  loads  to  the  columns,  of  columns  which  carry 
1  to  the  foundations  and  of  foundations  which  transfer  the  loads  to  the  earth;  the  columns 
transversely  and  longitudinally  by  wind  bracing  and  by  means  of  the  floor  girders, 
i roof  is  carried  on  trusses  or  on  roof  beams  or  purlins.  There  is  in  addition  misiellaneoua 
to  carry  the  outside  walls  and  the  cornice,  and  the  framing  around  elevators,  etc.  For 
ikmal  details,  see  Chapter  Xll.  Structural  Drafting. 
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Plan. — ^The  floor  is  carried  on  floorbeams  to  the  floor  girders  and  by  the  floor  girde» 
brcolumikft.     A  detail  j>lan  of  a  section  of  a  floor  plan  of  a  steel  skeleton  building  is  shown  tf| 

3.    The  flciorlx'ams,  girders  and  columns  are  numl>ered  as  shown. 

Decaili  of  floorbcams  for  an  eight  story  steel  office  building  are  given  in  Fig.  3*  For  addi- 
""  ~  %jaS»  tA  rolled  beams  and  bracing,  see  Chapter  XII,     I>etails  of  cast  separators  are  given 

r  steel  columns  that  are  commonly  used  in  steel  skeleton  buildings  are 
i  H  columns  made  of  4  angles  an<l  i  plate  or  of  4  angles  and  3  or  5  platen 
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Fig.  13.    Cast  Iron  Column  Bases.    American  Bridge  Company. 


CAST    IRON    COLUMN    BASE 


If  Column  Bases,  Cast  Iron 


XfRM 


-/r 


"^^ 


^'^-i- 


B^se 

C 

t/..A 

Cap 

d;l. 

Edge 

Esti- 
m3te(7 
Weight 
in  lbs- 

Bearing  C^9cH^ 

Pldte 

Plate 

Rib 

lbs 

per 
sq-in' 

Total 
Thoas- 
Lbs- 

A 

B 

Om 
D 

Thick 
£ 

Rib 
6 

M 

J 

Cor- 
K 

Int- 
L 

Dise- 
M 

0 

P 

S'lf 
5-0 
S-0 

5-6 
S-€ 
5-6 

6-0 
6-0 
6-0 

2 

2 

2 
2i 

2-5 
2-5 

2-5 
2-i 
2-5 

2-9 
2-3 
2-9 

15' 
15 
15 

li 
Ih 
lb 

15 
15 

15 

2 

H 

2 
2 

H 

/| 

2 

2 
2 

2'5 
2-5 

2-5 

2-5 
2-5 
2-5 

2-5 
2-5 
2-5 

/i 
2 

2 

2 
2 

/f 

/^ 
2 

4 

2 
2 

iV 

/i 

/i 

I'O^ 

Mi 
Hi 

Hi 

1-5 
7-5 
7-5 

t 

7i 

^i 
7i 
7i 

7i 
/? 
H 

Si" 
4 
4i 

4 

5 

4- 
4i 
5 

5390, 
5  850 
6550 

6/90 
7  010 

7  780 

8  250 
$280 

9  830, 

50 
40 
50 

50 
40 
50 

30  \ 

40 

50 

208 
275 
550 

208 
275 
350 

203 
275 
550 

750 

1  ooo 

1250 

90S 
1 210 
1 512 

logo 

1440 
1800 

Column  Sect/ons 


E 


E 


Channel  Column   Plate  &  Angle  Column    Channel  Column    PlateScAngk  Columff 
Om  Cover  Plate        One  Cover  Plate     Two  Cover  Plates       7m?  Cover  Plates 


i 


Omanel  Column    Plate  ^ Angle  Column     Channel  Column     Plate  6c Angle  Column  j 
7hf9e  Cover  Plat€s     Three  Cover  Plates     Four  Cover  Plates      Four  Cover  Plates 

Stckl  Column  Sections  and  Cast  Iron  Column  Bases,    Akerxcak  Bridge  CompaxyJ 


94 


STEEL  OFFICE   BUILDINGS. 


Chap.  IL 


as  given  in  (i)  and  (2)  are  the  most  satisfactory  columns  for  usual  conditions.  The  Bethlehem 
H  columns  in  (11)  and  (12)  make  very  satisfactory  columns.  While  the  Bethlehem  H  columns 
require  the  driving  of  less  rivets  than  are  required  to  fabricate  built-H  columns,  the  extra  cost 
required  to  drill  from  the  solid  in  heavy  Bethlehem  H  columns  makes  the  final  cost  of  the  two 
types  of  columns  practically  the  same  for  average  conditions.  Columns  made  of  two  channels 
laced  are  deficient  in  lateral  rigidity  and  should  only  be  used  for  light  loads.  Z-bars  are  difficult 
to  obtain  from  the  rolling  mill  and  Z-bar  columns  should  not  be  used  unless  it  is  known  that 
Z-bars  can  be  obtained.     Additional  sections  arc  given  in  Fig.  14. 

Column  Schedule. — A  column  schedule  should  be  prepared  as  in  Fig.  6.  The  column  schedule 
should  give  the  length,  area  of  cross-section  and  the  composition  of  every  column  in  the  building. 
For  the  use  of  the  shop  draftsmen  the  dead  load,  wind  load  and  eccentric  stresses  should  be  gi\'en 
for  each  column. 

Column  Details. — Standard  details  for  channel  columns  and  for  plate  and  angle  columns  are 
given  in  Fig.  7.  Details  of  channel  columns  arc  given  in  Fig.  8.  Details  of  plate  and  angle 
columns  arc  given  in  Fig.  9  and  Fig.  10.  Details  of  column  splices  are  given  in  Fig.  1 1  and  Fig.  is. 
Details  of  a  column  used  in  the  Singer  Building  are  shown  in  Fig.  27. 

Column  Bases. — Details  of  cast  iron  column  bases  as  designed  by  the  American  Bridge 
Company  arc  given  in  Fig.  13  and  Fig.  14.     Intermediate  sizes  may  be  obtained  by  interpolation. 


^MMif'^* 


Sactkonol     6<d«     Elawotion. 

Fig.  15.    Cast  Steel  Base. 


Fig.  16.    Built  Steel  Column  Basb. 


Details  of  a  cast  steel  column  base  used  in  the  Singer  Building  are  shown  in  Fig.  15.  Details 
of  a  built  steel  column  base  designed  by  Mr.  E.  W.  Stern,  Consulting  Engineer,  are  shown  in  Fig.  16 
Mr.  Stern  considers  the  built  steel  column  base  as  cheaper  and  more  reliable  than  a  cast  steel 
base;  and  cheaper  and  very  much  more  reliable  than  a  cast  iron  base.  In  addition  the  base  is 
easily  set  and  readily  grouted.  After  setting,  the  base  is  grouted  with  I  to  2  Portland  cement 
mortar.     Bases  of  this  design  have  been  used  for  loads  up  to  i  ,600  tons. 

Anchors. — Details  of  anchors  are  given  in  Fig.  17.  Anchors  for  columns  in  tall  buildings 
should  be  calculated  for  the  actual  conditions. 

FOUNDATIONS.— The  foundation  for  a  tall  building  will  depend  upon  the  height  of  the 
structure,  the  total  load  on  the  foundation,  the  character  of  the  soil,  and  the  requirements  of  the 
design  and  may  be  briefly  described  as  follows. 

(i)  Ordinary  wall  or  pier  foundations  built  on  the  natural  soil. 

(2)  Walls  and  columns  supported  by  timber  grillage  resting  on  the  soil. 

(3)  Walls  and  columns  supported  on  grillages  made  of  steel  beams  or  bars  encased  in  concrete 
and  resting  on  the  soil. 

(4)  Piles  of  timber  or  concrete  driven  to  rock  or  to  a  sufficient  depth  to  carry  the  loads  without 
settlement. 

(5)  Caissons  as  constructed  in  Chicago  by  excavating  in  an  open  well  or  shaft,  curi)ing  it 
with  timber,  and  then  filling  the  well  with  concrete. 

(6)  Caissons  as  constructed  in  New  York  by  sinking  steel  cylinders,  or  steel  and  timbff 
caissons,  or  reinforced  concrete  caissons,  usually  by  the  pneumatic  process  and  filling  the  shaft 
with  concrete.     The  first  type  of  foundation,  where  the  soil  is  compressible,  can  only  be  used  for 
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buildings  of  four  to  six  stories,  but  may  be  used  for  buildings  of  twelve  to  fifteen  stories  where  the 
supporting  power  of  the  soil  is  considerable  as  in  Denver.  With  high  buildings  the  footingi 
become  so  large  as  to  be  very  expensive  and  also  encroach  upon  the  basement  area. 

Timber  grillage  and  timber  piles  must  be  kept  permanently  wet  or  the  life  of  the  foundation 
will  be  very  short.  Many  of  the  early  tall  buildings  in  Chicago  were  carried  on  timber  grillages 
and  on  timber  piles,  but  the  settlement  of  the  structures  was  so  great  that  the  method  was  aban- 
doned for  the  method  of  concrete  wells. 

Steel  grillage  foundations  have  been  much  used  for  high  buildings.  With  steel  grillage  the 
foundations  may  be  made  very  shallow  so  that  the  basement  is  not  encroached  upon. 
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Fig.  21. 


Details  of  Wind  Bracing  in  United  Fire  Company's  Building. 
(Eng.  Record,  Dec.  9,  191 1.) 


In  cities  like  Chicago  and  New  York  where  real  estate  is  so  valuable  that  basements  arc 
often  made  three  or  four  stories  in  depth,  and  where  nearby  disturbances  due  to  excavations  and 
tunneling  would  cause  settlement  it  has  been  found  necessary  to  carry  the  foundations  to  rock 
by  means  of  wells  or  pneumatic  caissons.  In  Chicago  the  wells  commonly  vary  from  5  ft.  to 
12  ft.  in  diameter  and  are  sunk  in  the  open  and  are  lined  with  timber  curbing.  After  bed  rock  is 
reached  the  well  is  filled  with  concrete. 

For  a  description  of  the  sinking  of  the  foundations  for  buildings  in  New  York  City,  see  a  paper 
entitled  "Foundations  for  the  New  Singer  Building,  New  York  City"  by  Mr.  T.  Kennard  TTiom- 
son,  Consulting  Engineer,  in  Trans.  Am.  Soc.  C.  E.,  Vol.  63,  June,  1909. 

SPACING  OF  COLUMNS. — ^The  spacing  of  columns  in  steel  frame  buildings  varies  frott 
H>out  1 1  ft.  to  24  ft.,  depending  upon  the  height  of  the  building,  the  floor  loads,  the  type  of  floor 
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'  conditions.     For  building*  a  few  stories  in  height  it  is  economical  to  space  the  coluninfi 

ether,  while  in  high  buildings  a  spacing  of  j6  ft,  to  20  ft.  will  commonly  be  found  eco- 

Thc  columns  in  the  Singer  Tower  in  Fig.  22  were  spaced  12  ft.  centers;  the  culunms  in 

inry  Trust  Company's  New  York  Building,  162  ft,  high  were  spaced  about  16  ft*  by  16 

ft.  6  iiL  by  19  ft.  9  in-;  the  columns  in  the  Woolworth  Building,  New  York,  were  spaced 

\  varying  from  18  ft,  6  in.  by  18  ft.  6  in.  in  the  main  part  to  a  maximum  of  28  ft,  by 

tower. 


Fig,  22.    Typical  FLoor  Plan  of  Sfnger  Tower. 

ySi  PAHBLS. — For  the  long  span  system,  floor  girders  connect  the  columns  forming  a 
fvctJifigle,  the  floor  slabs  being  supported  on  the  floor  girders.  For  the  short  span 
-  ~i»  are  aimed  by  the  fioor  girders  and  the  spans  for  the  flooring  are  reduced.  The 
rbeains  will  depend  upon  the  type  of  floor,  but  it  will  commonly  be  found  eueL 
jn  e\n?n  number  of  floorbcams  giN^ng  an  odd  number  of  short  span^  in  each  pnns* 
•a|{<!toe<it  is  to  use  two  fli3orbcam5  which  di\4de  each  panel  into  three  short  sp.  • 


^^ 


id^ 
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SPANDREL  SECTIONS.— The  design  of  the  curtain  walls  that  are  supported  by  the  spandrel 
beams  will  depend  upon  the  material  of  which  the  wall  is  built,  the  amount  and  character  of  the 
ornamentation,  and  the  details  of  the  windows.  The  details  of  the  wall  construction  in  the 
United  Fire  Company's  Building,  New  York,  are  given  in  Fig.  1 8.  The  spandrel  masonry  is  carried 
by  the  wall  girders  and  by  horizontal  angles  bracketed  from  their  outer  faces.  The  angles  in  the 
outer  flanges  of  the  wall  girders  are  often  wider  than  those  in  the  inner  flanges  to  give  additional 
support  to  the  masonry,  and  both  they  and  the  detached  sp>andrel  angles  have  holes  through  troir 
horizontal  flanges  to  receive  vertical  exp>ansion  and  wedge  bolts  to  hold  the  stone  or  terra- 
cotta.    The  mul lions  over  the  windows  are  made  of  3  in.  by  4  in.  tees. 

, DatumUnt 

nm       linnT      tnTm^ 


>,, .....  _..   .  .. 


m'4l'- 


ns'o^ 


Fig.  23.    Foundation  Plan  of  Singer  Building. 


The  details  of  the  spandrel  walls  should  Ik?  worked  out  by  the  architect  and  the  engineer 
workmg  together  if  the  best  results  are  to  be  obtained. 

WIND  BRACING. — The  arrangement  of  the  wind  bracing  in  a  steel  frame  building  will 
depend  upon  the  size  and  height  of  the  building,  upon  the  arrangement  of  the  columns  and  the 
space  that  may  be  occupied  by  the  wind  bracing.  Several  types  of  wind  bracing  are  shown  in 
Fig.  19.  Where  space  jxTmits  the  diagonal  bracing  is  the  most  effective.  Diagonal  bracing  can 
only  be  used  in  solid  walls  or  partitions.  Knee  braces  (b)  and  portal  bracing  (c),  can  be  used 
in  outside  walls  where  there  is  sufficient  space  above  and  below  windows.  Brackets  (d)  are 
used  where  the  vertical  clearance  is  limited  and  in  wind  bracing  transversely  through  the  building. 
Details  of  wind  bracing  of  the  United  Fire  Company's  Building,  New  York,  are  given  in  Fig.  20 
and  Fig.  21.  The  building  is  130  ft.  6  in.  by  173  ft.  6  in.  in  plan  and  25  stories  in  height.  The 
-olumns  are  of  Bethlehem  H  sections  two  stories  in  height.  The  floor  panels  are  chiefly  15  ft. 
1.  by  24  ft.  3  in.  The  columns  rest  on  grillages  which  rest  on  pneumatic  piers. 
,     Details  of  the  wind  bracing  in  the  Singer  Building  are  given  in  Fig.  24,  Fig.  25,  and  Fig.  261 
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SINGER  BUILDINO.* — The  Singer  Building  consists  of  a  main  portion  approximately  75  ft.  by 
1 16  ft.  in  plan  and  14  stories  high,  and  a  tower  60  ft.  by  60  ft.  in  plan  and  41  stories  high  with  a 
four  tier  lantern  which  rises  to  a  total  height  of  612  ft.     The  building  is  of  skeleton  steel  con- 
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Fig.  24.    Diagram  of  Wind  Bracing,  Singer  Building. 

■tniction,  fireproofed  with  terra-cotta  tiling  and  provided  with  terra-cotta  floor  systems  surfaced 
with  eemcfit.  The  columns  are  carried  on  concrete  footings  sunk  by  the  pneumatic  process  to  a 
depth  of  90  feet.     The  columns  are  spaced  12  ft.  centers  and  are  connected  at  right  angles  by 

*  Engineerins  News,  Vol.  58,  pp.  595  to  598. 
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Fig.  25.    Plan  of  Wind  BRAaNG, 
Singer  Building. 
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Fig.  26.    Details  of  Wind  Bracing, 
Singer  Building. 


Fig.  27.    Column  in  Singbk  BmLDiMG. 


SPECIFICATIONS.  ■  ^^^^         lOj 

rT^fO^ma.  A  typical  floor  plan  of  the  tower  is  shown  in  Fig.  21,  The  columns  an 
it'b,  reinforced  with  platts  whire  necessary.  Details  of  a  typical  column  are 
■hmu  i**  .  1^.  -t, .  The  wind  bracing  of  the  steel  frame  is  shown  in  Fig.  24.  A  plan  of  the  wind 
braciog  in  the  tower  is  shown  in  Fig.  25.  The  panels  that  have  heavy  full  lines  were  wind  braced 
to  Uie  53d  story  on  the  exterior  and  to  the  36th  story  on  the  interior.  Heavy  dotted  lines  indi-» 
CSte  wind  bracing  to  the  14th  story.  Fine  lines  indicate  no  diagonal  bracing.  Circles  on  diagonal 
intersect  ions  represent  anchor  bolts.  In  designing  the  bracing  the  loads  were  distributed  a^ 
followft, — Jt  will  be  noticed  that  in  a  north  and  south  direction  there  are  li  lines  of  wind  bracing 
in  the  tower,  nearly  symmetrically  placed-  It  was  therefore  assumed  that  on  each  story  each. 
line  I  '  "*  '  ing  took  tV  of  the  total  wind  pressure  of  30  lb,  per  sq.  ft.  The  loads  on  the  bracing; 
in  .li  west  direction  were  distributed  in  a  similar  manner.     The  details  of  the  X-bracing 

^rt  ^,,-'^ iig.  26,     E^ch  of  the  12  ft.  square  towers  was  assumed  to  act  independently  and 

the  uplift  of  the  colutnns  was  provided  fur. 


SPECIFICATIONS  FOR  STEEL  OFFICE  BUILDINGS. 

BY 

MILD  S.   KETCHUM, 
M,  Am.  Soc.  C.  E. 

1914. 

t«  Deilsn. — ^In  all  steel  frame  or  skeleton  buildings  the  stresses  due  to  external  and  ini 
liafid  wind  stresses  shall  be  transmitted  to  the  foundation  by  the  steel  framework,  no  reliance 
beiag  ptared  nn  the  strength  of  the  walls  and  partitions.  Beams  and  girders  shall  have  riveted 
COQiiV  the  steel  columns.     All  columns  shall  be  of  structural  steel  with  their  different 

part^  ygether  and  shall  be  riveted  to  the  beams  and  girders  connecting  to  them 

2.  LUADS.— The  structure  shall  be  designed  to  carr^'  the  following  lf>ads. 

3.  Dead  Loads. — The  dead  load  shall  consist  of  the  weight  of  all  permanent  constructiot^ 
and  ftjitun  '  '^  -itls.  roofs,  interior  partitions,  and  fixed  or  permanent  appliances.  The 
iraicllts  of  '..'rials  shall  be  assumed  as  given  in  Table  I.  The  minimum  weight  of 
ftftptcMit  :  .  :  Limed  in  designing  the  floor  system  shall  be  75  lb.  per  sq.  ft.  The  actual 
Mnif^  il  be  u^  in  designing  columns.  The  mimmum  weight  of  movable  partitions 
sbali                           » lb.  per  sq.  ft. 

4.  Live  Loads. — The  live  load  shall  consist  of  movable  loads  and  loads  due  to  machinery 
aiiij  oiH**r  .♦pplUnrj**, 

T*      '  fired  by  Schneider's  specifications  and  given  in  Table  IV  shall  be  used 

for  t  ^  ^r  builcfings.     The  maximum  stresses  due  to  any  one  of  the  three  systems 

of  Umw  '  uti.  f  p  a-»  I  lit  the  design.  Floor  slabs  for  office  buildings  may  be  designed  for  a  uniform 
kmd  equai  to  tw*ice  the  distributed  load  given  in  the  second  column  of  Table  IV,  and  the  effect 
d  ih^  r  lafr  nfrutrti  loi.l  may  be  neglected.  The  concentrated  load  and  load  per  linear  foot  of 
gMt^  i  in  the  design  of  all  beams  and  girders.     Flat  roofs  of  office  buildings, 

botel  leaded  by  crowds  of  people  shall  be  designed  as  the  floors. 

-  .—For  structures  carrj^ing  traveling  machinery  such  as  cranes  or  conveyors,  or 

ffiMCl  h  as  printing  presses,  25  per  cent  shall  be  added  to  the  stresses  resulting  from  live 

load  la  pn  'M-Je  for  impjict  and  vibrations. 

6.  8oi»w  Loads. — The  snow  loads  on  roofs  shall  be  taken  the  same  as  for  steel  frame  mill 

■    '    '  ^-  '.^r  I. 
7.^:'  11  structunes  shall  be  designed  to  resist  the  horizontal  wind  pressure  on 

llie  mirf.i  e  surrounding  buildings  as  follows. 

_'  on  roofs  shall  be  taken  as  the  normal  component,  calculated  by  Duchem 
tn'i  i  pter  I,  of  30  lb.  per  square  foot  on  the  vertical  projection  of  the  roof, 

t'     i  re  on  the  aides  and  end^  of  buildings  except  as  otherwise  provided  in  the 

folio  ¥  r  r  M»f»  assumed  as  20  lb.  jier  square  fo^jt  acting  in  any  direction  horizontally. 

1  or  reinforced  concrete  framework  of  fireproof  buildings  the  frame- 

r  a  wind  pressure  of  30  lb.  per  square  foot  acting  on  the  total  exposed 

!^  *^'*  framework  or  a  horiznntal  wind  pressure  of  20  lb.  per  square 

'      '    I'    in  ntally  on  the  sides  and  ends  of  the  completed  building.     The 

»trca^i!i  L  I  1  jrs  may  be  considerrd  in  calculating  the  strength  of  the  frame- 

iwprk  in  ihm  compkccd  ttnicture*    The  framework  before  the  structure  has  been  completed  shall 
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be  self-supporting  without  walls,  partitions  or  floors.  In  no  case  shall  the  overturning  moment 
due  to  wind  pressure  exceed  75  per  cent  of  the  resisting  moment  of  the  structure.  In  the  calcu- 
lations for  wind  bracing  the  working  stresses  for  dead  and  live  loads  may  be  increased  25  pa- 
cent  providing  the  sections  are  not  less  than  required  for  dead  and  live  loads.  Chimneys  shall 
be  designed  to  resist  a  wind  pressure  of  20  lb.  (§  of  30  lb.)  per  square  foot  acting  on  the  vertical 

Crojection  of  the  chimney.     Curtain  walls  carried  on  the  framework  of  steel  or  reinforced  concrete 
uildings  shall  be  designed  to  resist  a  horizontal  pressure  of  30  lb.  per  square  foot  acting  hori- 
zontally on  the  outside  of  the  entire  surface  of  the  wall. 

8.  Minimum  Loads  on  Roofs. — Roofs  shall  be  designed  for  the  minimum  loads  specified  by 
Schneider  and  g^ven  in  Table  VI. 

9.  Live  Loads  on  Columns. — For  columns  carrying  more  than  five  floors,  the  live  load  may 
be  reduced  as  follows: 

For  columns  supporting  the  roof  and  top  floor  no  reduction. 

For  columns  supporting  each  successive  floor  a  reduction  of  5  per  cent  of  the  total  live  load 
may  be  made  until  50  per  cent  is  reached,  which  reduction  of  the  load  shall  be  used  for  the  columns 
supporting  all  remaining  floors.  No  column  shall,  however,  Ixj  designed  for  a  live  load  of  less 
than  20,000  lb.  The  above  reduction  is  not  to  apply  to  the  live  load  on  columns  of  warehouses, 
and  similar  buildings  which  are  liable  to  be  fully  loaded  on  all  floors  at  the  same  time. 

10.  Loads  on  Foundations.  The  loads  on  foundations  shall  not  exceed  the  following  in 
tons  per  square  foot: 

Ordinary  clay  and  dry  sand  mixed  with  clay 2 

Dry  sand  and  dry  clay 3 

Hard  clay  and  firm,  coarse  sand 4 

Coarse  sand  and  gravel 5 

Shale  rock 8 

Hard  rock 20 

For  all  soils  inferior  to  the  above,  such  as  loam,  etc.  never  more  than  i  ton  per  square  foot. 

The  loads  on  foundations  shall  be  assumed  to  be  the  same  as  for  the  footings  of  columns. 
The  area  of  the  bases  of  the  foundation  shall  be  proportioned  for  the  dead  load  only  as  follows. 
That  foundation  which  has  the  largest  ratio  of  live  load  to  dead  load  shall  be  selected  and  pro- 
portioned for  the  combined  dead  and  live  loads.  The  dead  load  on  this  foundation  shall  be 
divided  by  the  area  thus  found,  and  this  reduced  pressure  per  square  foot  shall  be  the  permissible 
pressure  to  be  used  for  the  dead  loads  of  all  foundations. 

1 1 .  Pressure  on  Masonry  and  Wall  Plates. — The  maximum  pressure  on  masonry  and  wall 
plates  shall  not  be  greater  than  the  values  given  in  Table  VIII. 

12.  Bases. — Structural  steel  columns  shall  rest  on  either  cast  iron,  cast  steel  or  built  sted 
bases  proportioned  so  as  to  distribute  entire  load  of  the  column  on  the  concrete  or  masonry  founda- 
tion. Columns  carrying  wind  stresses  shall  be  firmly  anchored  with  at  least  two  anchor  bdts 
to  a  mass  of  concrete  whose  weight  is  at  least  i  \  times  the  upnlift  in  the  column.  All  columns 
shall  be  properly  secured  to  the  bases. 

13.  Shape  of  Foundations.— Foundations  under  columns  shall  be  symmetrical  except  under 
wall  columns,  where  the  center  line  of  the  column  must  lie  within  the  middle  third  of  the  founda- 
tion. In  this  case  the  average  intensity  of  the  pressure  on  the  soil  shall  not  exceed  one-half  the 
safe  load  allowed  for  a  symmetrical  section.  In  cases  where  the  wall  column  load  exceeds  the 
above  safe  loads  the  column  must  rest  upon  a  steel  or  reinforced  concrete  girder  or  cantilever 
having  a  column  or  columns  at  the  inner  end.  The  foundation  shall  then  be  designed  for  the 
combined  loads. 

14.  Rolled  Beams. — The  depth  of  rolled  beams  in  floors  shall  be  not  less  than  one-twentieth 
of  the  span,  and  if  used  as  roof  purlins  not  less  than  one-thirtieth  of  the  span.  In  case  of  floors 
subject  to  shocks  and  vibrations  the  depth  of  beams  and  girders  shall  be  limited  to  one-fifteenth 
of  the  span.  If  shallower  beams  are  used  the  sectional  area  shall  be  increased  until  the  maximum 
deflection  is  not  greater  than  that  of  a  beam  having  a  depth  of  one-fifteenth  of  the  span,  but  the 
depth  of  such  beams  shall  in  no  case  be  less  than  one-twentieth  of  the  span. 

15.  Expansion. — Provision  shall  be  made  for  expansion  and  contraction  corresponding  to  a 
variation  of  temperature  of  150  degrees  Fahr.  where  necessary.  Expansion  rollers  shall  not  be 
less  than  4  inches  in  diameter. 

16.  Cast  Iron. — The  allowable  stresses  in  cast  iron  shall  be  as  follows: 

Compression  =  12  000  lb.  per  sq.  in. 
Tension  =    2  500  lb.  per  sq.  in. 

Shear  =     i   500  lb.  per  sq.  in. 

17.  Steel  Columns. — Columns  shall  be  of  rolled  or  built  sections.  No  wall  column  or  column 
with  eccentric  loads  shall  be  used  which  does  not  have  at  least  one  solid  plate  or  web  of  metal  in  or 
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;!  to  tlve  plant  of  eccentric  stres^s.     Columns  shall  have  a  minimum  length  equal  to  two 

:  AnH  -]i!u-rs  on  adjacent  columns  shall  preferably  be  made  at  different  stories  unless  the 

rical  about  a  middle  line  oi  columns,  in  which  case  for  ease  in  const  ruction 

lumns  may  be  made  alike.     Columns  shall  be  designed  so  as  to  provide  for 

:^  for  floorbeams,  girders  and  brackets.     The  splices  shall  be  strong  enough 

:,  stresses  and  make  the  columns  practically  continuous  for  their  entire  length. 

=.,rML.L,   u  ,  ..i>.,ims  shall  be  riveted. 

id,  Bool  Trusses. — ^RcM>f  trusses  shall  be  of  steel  and  may  have  either  pin  or  ri\ietcd  con- 
ctkms,  iind  shall  be  of  such  design  that  the  stress  in  each  member  may  be  calculated.  Roof 
sbaJl  be  braced  in  pairs  and  each  pair  of  trusses  shall  be  rigidly  connected  by  lateral  and 
tcitfversc  brating.  Purlins  shall  be  made  of  shapes,  or  riveted  plate  or  lattice  girders.  Trussed 
iriins  %riH  not  be  allowed.  Main  members  of  trusses  shall  be  designed  so  that  the  neutral  axes 
intersecting  meml>ers  shall  meet  in  a  common  point,  or  if  this  is  not  possible  the  eccentric 
filiaU  l)c  calculated  and  prov  ided  for. 
tg,  Vloorbeams* — ^Floorbeams  shall  generally  be  mlled  steel  beams  and  shall  be  riveted  to  the 
^;r.4..r.  '"  " ''ins  of  connection  angles.  Floor  girders  may  be  rolW  beams  or  plate  girder* 
?!  1  to  columns  by  means  of  connection  angles.     Shelf  angles  may  be  provided 

ing  erection, 
plates  of  all  girders  shall  be  limiteti  in  width  so  as  not  to  extend  beyond  the  outer 
tmecting  them  to  the  angles,  more  than  4  inrhes,  or  more  than  8  times  the  thickness 
plate.     For  firepn>uf  floors,  floorbeams  shall  generally  Ijc  tied  together  with  tie 
1^  not  to  exceed  8  times  the  depth  of  the  beams.     Tie  rods  are  not  required  with 
'  fi   floors  where  the  reinforcement  is  rigidly  fastened  to  all  outside  beams  and 
1  ir  tie  rods,  where  the  construction  of  the  floor  permits,  shall  be  spaced  3  inches 
f  the  beam. 

in  one  rolled  beam  is  used  to  form  a  girder,  they  shall  l>e  connected  by  cast 
M  >rs  and  bolts  spaced  at  intervals  of  not  more  than  5  feet.     All  beams  having  a 
ptii  oi  12  inches  and  more  shall  have  at  least  2  lx)lts  to  each  sei>arator, 

JCK  WaU  Plates. — Bearing  stones  of  granite,  crystalline  sandstone,  or  metal  plates  shall  be 
ed  to  rnlucc  or  distribute  the  pressure  on  the  wall  under  the  ends  of  wall  bcams^  girders  and 

21.  Wall  Anctiorft. — The  wall  cnd!=i  of  beams»  girders,  and  columns  shall  be  anchored  securely 
*vc  rigidity  to  the  struct ure» 

2,  BCixumum  Thickness  of  Metal. — No  plate  or  rolled  section,  having  a  thickness  of  less 
'\  tn^  shall  be  usc^t  except  for  lillers, 

dng* — Lateral,  longitudinal  and  transverse  bracing  shall  preferably  be  compcjsed  of 

BteriaL — All  parts  of  the  structure  shall  be  of  rolled  steel  except  column  bases,  bearing 

iPs  or  minor  details  which  may  be  of  cast  iron  or  cast  steel.     The  steel  shall  be 

4jn-hearth  process.     All  rolled  steel,  cast  steel  and  cast  iron  shall  comply  with  the 

.in  'Hi  for  Structural  Steel  for  Buildings"  adopted  by  the  American  Sixiiety  for  Testing 

itcrials  and  printed  in  Chapter  XV\ 

«:frr'*«:*^*»t  —  All  parts  of  the  structural  framework  shall  be  designed  for  the  same  unit 
frame  buildings  given  in  sections  32  to  46  inclusive  of  "Specifications  for 
1:4s"  in  Chapter  L 
>f;tjuU  of  Construction* — The  details  of  construction  shall  comply  with  the  specifications 
jm**  liuildins^  given  in  sc»ction3  78  to  117  inclusive  of  ** Specifications  for  Steel  Frame 
'   hapt<:»r  f>  ,  ^ 

7iiuiship. — The  workmanship  shall  be  equal  to  the  best  practice  in  modem  bridge 
mply  with  sections  143  to  186  inclusive  of  "Specifications  for  Steel  Frame 
rr  L 
l^^r-^'-'"  ^^d  Testing  at  Mill  and  Shop. — The  specifications  are  the  same  as  given  in 
tioos  HI7  to  193  inclusive  in  "Specifications  far  Steel  Frame  Buildings"  in  Chapter  I, 


Erection. 
r.!.  — Tl^«  .*o«+«^*',^.-  ;ihall  furnish  at  his  expense  all  necessary  tools,  derricks,  hoists, 
ription  required  for  the  erection  of  the  work,  and  shall  remove 


i  »r  shall  assume  all  risks  from  storms  or  accidents,  unless  caused  by 

ud  all  damage  to  adjoining  property  and  to  persons  until  the  work 
4  ^icd  acC4.pud. 

;^  nriDtfactor  shall  comply  with  all  ordinances  or  regulations  appertaining  to  the  work. 
3;?  Detdti  of  Brection*-^The  structural  steel  and  iron  work  shall  be  erected  as  rapidly  as 
prufp^Bs  of  the  other  work  on  the  building  will  permit.     Bases,  bearing  plates  and  ends  of 


^nng 
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girders  which  require  to  be  grouted,  shall  be  supported  exactly  at  the  proper  level  by  means  of 
steel  wedges.  Structural  steel  and  ironwork  shall  be  set  accurately  to  the  established  lines  and 
levels.  The  steel  and  iron  must  be  plumb  and  level  before  riveting  is  commenced  and  must  be 
kept  in  position  until  final  completion.  Temporary  bracing  shall  be  provided  to  resist  the  stresses 
due  to  derricks  and  other  erection  equipment.  Elevator  shafts  shall  be  plumbed  from  top  to 
bottom  with  piano  wire.  Riveted  connections  shall  be  carefully  drawn  up  before  riveting  is 
commenced.  Not  less  than  one-third  the  holes  shall  be  filled  with  field  bolts,  drawn  up  tight 
All  field  connections  shall  be  riveted.  Pneumatic  hammers  shall  be  used  in  driving  field  rivets. 
Rivets  must  have  a  sufficient  length  to  completely  fill  the  holes  and  to  form  full  heads.  Rivets 
must  be  tight  with  full  concentric  heads.  Loose  or  imperfect  rivets  must  be  cut  out  and  redriven, 
recupping  or  calking  will  not  be  permitted.  Holes  which  will  not  admit  a  cold  rivet  must  be 
reamed.  Where  bolts  are  permitted,  washers  not  less  than  J  in.  thick  shall  be  used  under  the 
nuts,  the  nuts  shall  be  drawn  tight  and  the  threads  checked  with  a  chisel.  Connections  to  cast 
iron  and  for  separators  in  steel  beams  may  be  bolted. 

REFERENCES.— For  the  details  of  the  design  of  tall  buildings  the  following  books  may  be 
consulted:  Kidder's  "Architects  and  Builders  Pocketbook";  Freitag's  "Fire  Prevention  and 
Fire  Protection";  Freitag's  "Architectural  Engineering";  Ketch um's  "The  Design  of  Steel  Mill 
Buildings." 

For  a  full  discussion  of  foundations  for  steel  office  buildings,  see  Jacoby  and  Davis,  "  Founda- 
tions of  Bridges  and  Buildings,"  published  by  McGraw-Hill  Book  Co. 


CHAPTER  III. 
Steel  Highway  Bridges. 

Bfinition. — ^A  truss  is  a  framework  composed  of  individual  members  so  fastened  together 
ads  applied  at  the  joints  produce  only  direct  tension  or  compression.  The  triangle  is  the 
x>metrical  figure  in  which  the  form  is  changed  only  by  changing  the  lengths  of  the  sides. 
amplest  form  every  truss  is  a  triangle  or  a  combination  of  triangles.  The  members  of  the 
re  either  fastened  together  with  pins,  pin-connected,  or  with  plates  and  rivets,  riveted. 
rpes  of  Truss  Bridges. — ^The  bridge  in  Fig.  i  consists  of  two  vertical  trusses  which  carry 
>r  and  the  load;  of  two  horizontal  trusses  in  the  planes  of  the  top  and  bottom  chords,  re- 
ely,  which  carry  the  horizontal  wind  load  along  the  bridge,  and  of  cross-bracing  in  the  planes 
end-posts,  called  portals,  and  in  the  planes  of  the  intermediate  posts,  called  sway  bracing. 


^r5^ 


fbrfi^f — /,; 


^^^  u^- 


Fig.  I.    Diagrammatic  Sketch  of  a  Through  Pratt  Truss  Highway  Bridge. 

loor  is  carried  on  joists  or  stringers  placed  parallel  to  the  length  of  the  bridge,  and  which  are 
>rted  in  turn  by  the  fioorbeams.  The  names  of  the  different  parts  of  the  bridge  are  shown 
g.  I.  The  main  ties,  hip  verticals,  counters  and  intermediate  posts  are  together  called 
«."  The  bridge  shown  in  Fig.  i,  is  a  through  pin-connected  highway  bridge  of  the  Pratt 
the  traffic  passing  through  the  bridge.  In  a  deck  bridge  the  roadway  floor  is  carried  on  top 
s  main  truaaes.    The  bridge  shown  has  square  abutments;  if  the  abutments  are  not  at  right 
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angles  to  the  center  line  the  bridge  is  called  a  "skew"  bridge.  Short  span  highway  and  railway 
bridges  have  low  trusses  and  no  top  lateral  system  nor  portals,  as  in  Fig.  2.  In  a  railway  bridge 
the  loads  are  carried  to  the  panel  points  by  stringers  resting  on  or  riveted  to  the  floorbeams. 


Ill/  i';u>iiiiiii|iii||i 

liSi 

Quarter  Top  Phn 


Quarter  dot  torn  Ptan. 


'  Floor  beam 
0v55  Sec f ion 
Fig.  2.    Plan  of  a  Low  or  "Pony"  Truss  Highway  Bridge. 

The  simplest  type  of  bridge  is  the  beam  bridge,  (a)  Fig.  3.     Beam  bridges  commonly  consist 
of  I  beams  which  span  the  opening,  and  are  placed  near  enough  together  to  carry  the  floor  of  the 
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(a)  Beam  Bridqe. 
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fo/)  Low  Warren  Truss. 
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(b)Beam  LegBn'ofqe.      (€)LowFMf  Truss.  Hatf  H^p, 


^l^lxl^l 
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(c)  Truss  Leg  Brid^e.^  (f)  Low Praft  Truss.Full Slope. 

Fig.  3.    Types  of  Short  Span  Highway  Bridges. 

bridge.  Where  foundations  are  relatively  expensive  the  beams  may  be  carried  on  posts  as  i«  j 
(b),  Fig.  3.  A  truss  leg-bridge  is  shown  in  (c).  Fig.  3.  Types  (b)  and  (c)  unless  constructed  wilA  ^ 
great  care  make  inferior  structures  and  are  not  to  be  recommended.     A  Warren  truss  is  a  combi- 
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ition  of  isosceles  triangles  as  shown  in  (d),  Fig.  3  and  in  (c)  and  (d),  Fig.  4.  The  Pratt  truss 
as  its  vertical  web  members  in  compression  while  its  diagonal  web  members  are  in  tension,  as 
lown  in  (b),  Fig.  4.  The  Warren  truss  is  commonly  built  with  riveted  joints  while  the  Pratt 
-uss  is  usually  built  with  pin-connected  joints.  The  Warren  low  truss  with  riveted  joints  as 
iiown  in  (d)  is  generally  preferred  in  place  of  the  low  Pratt  truss  in  either  (c)  or  (f),  Fig.  3.  The 
lowe  truss  has  its  vertical  web  members  in  tension,  and  its  inclined  web  members  in  compression 
s  shown  in  (a),  Fig.  4.  The  upper  and  lower  chords  and  the  inclined  members  of  a  Howe  truss 
re  commonly  made  of  timber,  while  the  vertical  tension  members  are  iron  or  steel  rods  or  bars. 


m  m 


(d)  THR0U6H  Hoi¥E  TRUSS 


(b)  Through  Pratt  Truss 


(c)  Through  Warren  Truss 


(d)   QUAORANOULAR  THROUGH  WaRREH  TrUSS 


(e)  THR0U6H  Whipple  Truss 


(T)  Camel  Back  Truss 


^XIXIXIXIXIX^^     ^^^FF^MT-^ 


(^  Through  Baltimore  Truss 


(h)  Modified  Camel  Back  Truss 


(I)  Through  Petit  Truss  (j)  Modified  Petit  Truss 

Fig.  4.    Types  of  High  Truss  Highway  Bridges. 

The  Wliipple  truss,  (e)  Fig.  4,  is  a  double  intersection  Pratt  truss.  This  truss  was  designed 
*>  give  short  panels  in  long  spans  which  have  a  considerable  depth.  The  stresses  in  the  WTiipple 
•"uss  are  indeterminate  for  moving  loads,  and  its  use  has  been  practically  abandoned,  the  Balti- 
tU>re  truss,  (g)  Fig.  4  being  used  in  its  place.  The  quadrangular  Warren  truss  with  riveted  joints 
^  ased  by  the  American  Bridge  Company  as  a  standard  truss  for  through  highway  bridges,  with 
pans  of  frt>m  80  to  170  ft.     Like  the  Whipple  truss  its  stresses  are  indeterminate  for  moving  loads. 

For  spans  of  from,  say,  170  to  240  ft.  it  is  quite  common  to  use  pin-connected  trusses  of  the 
ratt  type  having  inclined  chords  as  in  (f),  Fig.  4.  Where  the  truss  has  an  even  number  of  panels 
^  author  has  subdivided  the  center  panel  as  shown  in  (h),  Fig.  4. 

The  Baltinx>re  tnias,  (g)  Fig.  4,  is  a  Pratt  truss  with  parallel  chords  in  which  the  main  panels 
^ve  been  subdivided  by  an  auxiliary  framework.  The  auxiliary  framework  may  have  struts 
^  ui  (g),  or  ties  aa  Ik  CDv  !%•  4«    'Hie  Baltimore  truss  with  inclined  upper  chords,  (i)  Fig.  4,  is 
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called  a  Petit  truss.  A  modified  form  of  the  Petit  truss  that  is  sometimes  used,  is  shown  in  0)f 
Fig.  4.  Baltimore  and  Petit  trusses  are  statically  determinate  for  all  conditions  of  loading; 
are  economical  in  construction  and  satisfactory  in  service,  and  have  almost  entirely  replaced  the 
Whipple  truss  for  long  span  bridges. 

The  types  of  simple  bridge  trusses  described  above  are  those  that  are  in  the  most  common 
use,  although  quite  a  number  of  other  types  of  trusses  have  been  used  and  abandoned. 

Beams  and  I^te  Girders. — For  spans  of,  say,  30  ft.  and  under  rolled  beams  are  often  used  to 
carry  the  roadway,  while  for  spans  from  about  30  to  100  ft.  plate  girders  are  used  for  city  bridges. 
When  the  roadway  is  carried  on  top  of  the  girders,  the  bridge  is  called  a  deck  plate  girder  bridge, 
and  when  the  roadway  passes  between  the  girders,  the  bridge  is  called  a  through  plate  girder 
bridge  as  in  Fig.  19. 


— -^    \l,  ^ — k— i 


(a)  5i¥m  &RI06E,  aNTER  BiARItIG  (h)  5wm  dP/P6£,   WRNTABLB  beJUHHS 

Fig.  5.    Swing  Bridges. 

Swing  Bridges. — Swing  bridges  may  be  made  of  plate  girders  or  trusses,  and  may  turn  on  a 
center  pivot  as  in  (a),  or  on  a  turntable  supported  on  a  drum  as  in  (b),  Fig.  5.  The  center  pivot 
swing  bridge  has  two  spans  continuous  over  the  pivot  support,  while  the  turntable  swing  tnidge 
has  three  spans  ordinarily  continuous  over  the  middle  supports. 

Steel  Arches. — Steel  arch  bridges  are  made  (i)  with  three  hinges,  (2)  with  two  hinges,  and 
(3)  without  hinges,  and  may  have  solid  webs,  or  spandrel  or  open  webs. 

Cantilever  Bridges. — A  cantilever  bridge  consists  of  two  anchor  spans,  which  support  a 
suspended  or  channel  span.  The  shore  ends  of  the  anchor  spans  are  anchored  to  the  shore  piers 
and  are  supported  on  the  river  piers. 

Suspension  Bridges. — In  a  suspension  bridge  the  roadway  is  supported  by  hangers  attached 
to  the  main  cables.  Stiffening  trusses  are  placed  above  the  plane  of  the  roadway  to  assist  in 
distributing  the  live  loads  and  for  the  purpose  of  increasing  the  rigidity  of  the  structure. 

Simple  truss  bridges,  beam  and  plate  girder  bridges,  only,  will  be  considered  in  this  book. 

LOADS. — The  loads  carried  by  a  bridge  consist  of  (i)  fixed  or  dead  loads,  (2)  the  moving  or 
live  load,  and  (3)  miscellaneous  loads.  The  dead  load  consists  of  the  weight  of  the  structure  and 
is  always  carried  by  the  bridge;  the  live  load  consists  of  the  moving  load  which  the  bridge  is  built 
to  carry,  while  the  miscellaneous  loads  include  wind  loads,  snow  loads,  etc.  Data  on  dead  loads 
are  given  in  the  "Specifications  for  Steel  Highway  Bridges"  in  the  last  part  of  this  chapter. 

WEIGHT  OF  BRIDGES.— The  weight  of  a  bridge  is  composed  of  (i)  the  weight  of  the 
steel  in  the  steel  framework,  consisting  of  the  vertical  trusses,  the  upper  and  lower  lateral  systems, 
the  floorbeams,  the  portals  and  sway  bracing;  (2)  the  weight  of  the  joists  and  the  fence;  and  (3) 
the  weight  of  the  floor  covering. 

American  Bridge  Company  Standards.^To  cover  a  considerable  range  of  conditions  the 
weights  of  two  trusses  of  low  Pratt  pin-connected  bridges  are  given  in  Fig.  9;  the  weight  of  one 
floorbeam  for  various  panel  lengths  and  widths  of  roadway  for  a  live  load  of  100  lb.  per  sq.  ft.  rf 
roadway  are  given  in  Fig.  6;  while  in  Fig.  7  are  given  the  weights  of  lateral  systems,  including 
portals,  per  foot  of  clear  width  of  bridge.  The  upper  lateral  systems  were  designed  for  150  lb- 
per  lineal  foot  of  bridge,  and  the  lower  lateral  systems  were  designed  for  a  wind  load  of  300  lb.  V^ 
lineal  foot  of  bridge,  150  lb.  being  considered  as  a  moving  load. 

Problem  i. — For  example  to  find  the  weight  of  a  five  panel,  low,  Pratt,  pin-connected  higfr 
way  bridge  having  a  span  of  80  ft.  and  a  clear  roadway  of  18  ft.,  the  trusses  being  designed  for) 
live  load  of  1,600  lb.  per  lineal  foot  of  bridge,  and  the  floor  system  for  a  live  load  of  lOO  lb.  per  t? 
ft.  of  floor,  proceed  as  follows: 
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The  total  weight  of  two  8o  ft.  trusses,  from  Fig.  9 ......        .  12,700  lb. 

tot;iI  weight  of  4  aoorbcams  for  a  panel  length  of  16  It.  aod  a  roadway  of 

18  ft.,  from  Fig  6  -  4  X  l.ioo , 4^400  lb. 
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Total  widght  of  steel  in  bridge  exclusive  of  joistB  and  fence  20,520  lb. 
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The  weights  of  two  trusses  of  low,  riveted,  box-chord,  Warren  truss  bridges,  are  given  in 
Fig.  8;  the  weights  of  two  trusses  of  double  intersection,  quadrangular,  riveted,  through  Warren 
truss  bridges  are  given  in  Fig.  1 1 ;  the  weights  of  two  trusses  of  riveted,  through  Pratt  truss  bridges 
arc  given  in  Fig.  lo;  the  weights  of  two  trusses  of  pin-connected,  through  Pratt  truss  bridges 
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Fig.  9. 


arc  given  in  Fig.  12;  and  the  weights  of  two  trusses  of  pin-connected,  through  curved-chord  Pratt 
and  Petit  truss  bridges  are  given  in  Fig.  13.  The  weights  of  floorbeams  as  given  in  Fig.  6,  and 
the  weights  of  lateral  systems  as  given  in  Fig.  7,  are  to  be  used  in  connection  with  all  diagranu 
giving  the  weights  of  two  trusses. 
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Problem  2. — ^As  a  second  example  it  is  required  to  calculate  the  weight  of  an  8-panel,  pi« 
connected,  Pratt  truss  highway  bridge,  having  a  span  of  160  ft.,  a  roadway  of  16  ft.  in  the  del 
the  trusses  having  been  designed  for  a  live  load  of  1,400  lb.  per  lineal  foot  of  bridge,  and  the  iioi 
for  a  load  of  100  lb.  per  sq.  ft.  of  floor. 
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eight  of  two  i6o-ft*  trusses,  from  Fig,  12,  by  interpolation ,40,000  lb. 

irdghi  of  7  floorbeams  for  a  i6-ft.  roadway  and  a  20-ft.  panel,  from 

»  5  s=  Qso  X  7    •..,..♦ » * *  *  6,650  lb. 

fcight  of  lateral  systems,  including  portals,  from  Fig*  7  =  16  X  410.  * .  6,560  lb. 
reiffht  of  brldize ,  . ,    .,.,,.... ^1.210  Ih. 
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of  Beam  Bridges. — The  weights  of  beam  bridges,  aa  designed  by  the  American 
&r  differs nt  roadways,  are  given  in  Table  i  1.     The  lengths  of  span  for  cUffGrent  loadings 
1  a*?  ;;tvtn  in  Table  I. 

r                                                 TABLE  L                                                                         ^H 
inLE  Span  of  Beams  for  Different  LnADTxns.  Arranged  as  in  Table  II,           ^^B 

Maximum  Span  for  a  Live  Load  of          Majdmum 
If  Bcotfu,  In.                           100  lb.  per  sq.  ft,,  or  a  6  Ton                   13$  lb.  m 

\Va«oa.  Ft.                                              R< 

SpBo  ior  a  Livi;  l^nad  of 
rr  iq.  ft  ,  or  a  15  Too 
jad  Roller,  Ft. 

6  I6 

7  19 

8  22                                , 

9  25 

lO                                                               29 

12                                                 3S 

20 
40 

f  of  Bridges  with  Sidewalks.— In  estimating  the  weight  of  highway  bridges  with  side- 

y                          getting;  the  weights  of  the  trusses  will  be  the  total  live  load  on  l>oth  the 

1                       ik.     The  sidewalk  floorl»eams  should  lie  assumed  as  weighing  the  same 

Ibe  waifi  tioorbcams,  and  1 00  lb.  should  be  added  for  each  railing  post  and  sidewalk 

r  3, — Rrquircstl  the  weight  of  a  low,  ri\^ted,  five-panel  Warren  tru.^5  bridge,  span  So 

Kdway  16  ft.;  two  5'ft.  sidewalks;  live  load  on  roadway  too  lb.  per  sq.  ft.,  or  1,600  lb, 

HL  iA  britJite;  live  load  on  sidei^'aik  80  lb.  per  siq.  ft.  or  800  lb.  per  lineal  foot  of  bridge 

too  tb.  per  lineal  foot  of  bridge.    The  total  weight  of  the  steel  exclusive  of     ^^L 

■              A 
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Weight  of  two  80  ft.  trusses,  live  load  2,400  lb.,  Fig.  8 16,25c 

Weight  of  five  floorbeams,  16  ft.  roadway,  Fig.  6  -»  740  X  5 •  •  •  3»70C 

Weight  of  sidewalk  floorbeams  =  10(740  X  A  +  lOo) 3.3ic 

Lateral  bracing  =  80  X  16,  Fig.  7 i»28c 

Total  weight  of  steel  exclusive  of  joists  and  fence 24,64c 

TABLE  II. 
Weights  of  Beam  Bridges.    (American  Bridge  Co.) 


Bit  of  Jol^  UMd. 

Itxsm* 

Width  of  Eoadwaj'  and  Nm 

6"  li— lai  lb. 
6"  [•-*  lb. 

Jobti,  lb.  per  lin.  ft. 

t  WaU  channels.                      [ 

I  Set  bracing. 

Field  holta  and  dipt. 

ISO 

SI 

6s 
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160 
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34^ 
170 

59 

90 

380 

63 

/'  It-IC  lb. 

r  [*-9i  lb. 

Joisti,  lb.  per  lin^  ft. 
1  Wall  channels. 
I  Set  bracing. 
Field  bolt*  and  dipt. 

26s 
tSS    1 
S7 

80  ' 

61 

9S 
34S 
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6s 
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3«S 
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69 

r  i*-i8  lb. 
r  [s— iii  lb. 

Joiata,  lb.  per  lln.  ft. 
2  Wall  channels. 
I  Set  bracing. 
Field  bolts  and  dipt. 

77 
370 
160 

65 

9S 

170 
69 

113 

3SO 
180 

73 

131 

390 
190 

77 

q"  li-^l  lb. 
9"  li-i3i  lb* 

JoiaiE,  lb.  per  lin.  ft. 
2  Wall  channels. 
I  Set  bracing. 
Field  bolts  and  cElpti 

90 

m 
67 

HI 

17s 
7a 
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3SS 
IBs 

77 

153 

395 

I9S 

82 

lo'^  li— 25  lb, 
10"  U-is  lb. 

Joiita^  lb.  per  lin.  ft. 
2  Wall  channeU. 
J  Set  bracing. 
Field  bolts  and  dipt. 

roS 

180 

170 

75 

130 

180 
80 

360 

190 

85 

iSo 

400 

200 

90 

I»"li^iilb. 

[          11"  li^aoi  lb. 

Joists,  lb.  per  Hn.  ft. 
2  W^ll  channcU. 
2  Sets  bracing. 
Field  bolts  and  cllpi* 

136 
iiS 

167 

370 
139 

T99 
370 
39c 
140 

230 
410 
410 
151 

K"  U—3S  lb. 
12"  [»— aoi  lb. 

Joists,  lb,  pen  lin.  ft 
2  Wall  chaonda. 
2  Sets  bracing. 
Field  bolls  and  dips. 

146 
118 

181 
330 
370 

129 

216 

370 
390 
140 

as  I 
410 
410 

iSi 

la"  Ii— 40  lb. 
la'^  [s-^o4  Ik 

Joists,  lb.  per  lin.  ft, 
J  Wall  channdl, 
z  Setii  bracing. 
Field  bolts  and  dips. 

161 

290 
350 

m 

201 

lis  1 

241 
370 
390 
147 

iSi 

410 
410 

1S9 

is"  Ift-41  lb- 
is"  l^-n  lb. 

Joists*  lb,  per  lin.  ft. 

1  Wall  channels* 

2  Sets  bracing. 
Field  bolts  and  dips. 

191 
138 

234 
34S 
3S0 

iSt 

276 

385 
400 
t64 

318 
4^5 

4io 
t77 

Lumber:  Fi. 

B.  M.  per  Un.  fi.  span. 

4^ 

46 

52 

S8 

Railing;  Total  weigh 
Extreme  length  of  sp, 
Bracing:  12  in.  and  1 

t  of  2  aides  =  33  lb.  X  length  in  i& 
an  =  clear  span  +  2  ft.  (ordinarily 
5  in.  beams  have  3  setsr  all  other  si 

?t  +  tC50  lb. 
me  I  set. 
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N  BRIDGE  WORKS  STANDARDS.*— The  weights  of  steel  highway  bridges 
the  Boston  Bridge  Works  are  as  follows: 

I  truss  highway  bridges  without  sidewalks  designed  for  a  live  load  of  80  lb.  per  sq.  ft. 
es,  100  lb.  per  sq.  ft.  and  a  6-ton  wagon  for  the  floor  The  wdght.  w,  of  steel  in  Ib^ 
area  covered  by  the  floor,  not  including  joist  or  fence,  for  a  span  of  L  ft.,  is 

w  -  5  +  -^/9  5  (i) 

)f  through  truss  highway  bridges  with  two  sidewalks  is 

tp  =  2.8  -h  L/n.3  (2) 

•walks  were  5  or  6  ft.  wide,  and  the  clear  roadways  were  16  to  20  ft.    The  total  area 

he  roadway  and  sidewalk  floors  is  to  be  used  in  calculating  the  weight  of  steel. 

;  of  Steel  Highway  Viate  Girder  Bridges. — ^The  weights  of  highway  plate  girder 

signed  by  the  Boston  Bridge  Works  for  the  live  loads  shown  are  as  follows. 

ate  girder  highway  bridges  without  sidewalks  designed  for  a  live  load  of  100  lb.  per 

•ders,  100  lb.  per  sq.  ft.  and  a  6-ton  wagon  for  the  floor.    The  weight,  w,  of  steel  in 

.  of  area  covered  by  the  floor,  not  including  joist  or  fence,  for  a  span  of  L  ft.,  is 

w  =  2.5  -f  L/3.4  (3) 

2;ht  of  deck  plate  girder  highway  bridges  with  sidewalks  is 

w  -=  2.5  -f  L/4.4  (4) 

^ht  of  through  plate  girder  highway  bridges  without  sidewalks  is 

w  =  3  +  LI4.2S  (5) 

^ht  of  through  plate  girder  highway  bridges  is 

w  =  3.3  -f  i/5.6  (6) 

xf  Electric  Railway  Bridges. — The  Boston  Bridge  Works  gives  the  following  formula 
t  of  electric  railway  bridges,  where  W  =  total  weight  of  steel  in  lb.  per  lineal  foot  of 
is  the  span  of  the  bridge  in  feet, 
idges 

W^50  +  5L     )  (7) 

iss  bridges  ( 

IT  =  200  -f  0.8L     r  (8) 

russ  bridges  \ 

1^  =  250  +  1.5^    J  (9) 

m  bridges  were  designed  for  30-ton  cars;  the  light  truss  bridges  were  designed  for 

•r  1,500  lb.  per  lineal  foot  of  bridge,  and  the  heavy  truss  bridges  were  designed  for 

MT  2,000  lb.  per  lineal  foot  of  bridge. 

OP  STRUCTURE. — ^The  types  of  structure  for  steel  highway  bridges  as  recom- 

ic  author  are  given  in  section  3,  "General  Specifications  for  Steel  Highway  Bridges," 

e  last  part  of  this  chapter. 

•8  of  structure  for  bridges  carrying  electric  railway  bridges  as  specified  by  the  Massa- 

road  Commission,  Mr.  George  F.  Swain,  Consulting  Engineer,  are  as  follows: 

le  spans,  the  following  types  of  structure  shall  be  adopted,  unless  peculiar  drcum- 

ait,  vix  : — 

led  by  permission  of  John  C.  Moees^^Chief  Engineer. 
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For  spans  up  to  20  ft.,  wooden  stringers  or  rolled  beams. 

For  spans  from  20  ft.  to  30  ft.,  rolled  beams  or  plate  girders. 

For  spans  from  30  ft.  to  70  ft.,  plate  girders. 

For  spans  from  70  ft.  to  100  ft.,  plate  girders  or  riveted  trusses. 

For  spans  from  100  ft.  to  125  ft.,  riveted  trusses. 

For  spans  from  125  ft.  to  200  ft.,  riveted  or  pin  trusses. 

For  spans  above  200  ft.,  pin  trusses. 

LIVE  LOADS. — ^The  effect  of  impact  on  highway  bridges  carrying  electric  cars  is  very  much 
less  than  on  railway  bridges  carrying  steam  trains.  A  description  of  a  series  of  experiments  on 
the  effect  of  impact  on  highway  bridges  carried  on  by  Professor  F.  O.  Dufour  of  the  University  of 
Illinois,  is  given  in  Journal  of  Western  Society  of  Engineers,  June,  1913.  These  experiments 
show  that  a  heavy  floor  reduces  the  effect  of  impact.  The  experiments  were  too  few  in  number  to 
be  of  much  assistance  in  determining  the  proper  percentage  of  impact.  The  American  Bridge 
Company  adds  25  per  cent  to  the  calculated  live  load  stresses  to  take  account  of  impact.  The 
allowance  for  impact  of  the  Massachusetts  Railroad  Commission  is  given  in  an  extract  from  the 
specifications,  which  are  quoted  on  the  following  page.  In  the  author's  "Specifications  for  Steel 
Highway  Bridges"  he  has  taken  impact  for  highway  bridges  as  one-third  that  specified  for  railway 
bridges. 

The  live  loads  for  highway  and  electric  railway  bridges  as  recommended  by  the  author  are 
given  in  section  29  of  the  "Specifications  for  Steel  Highway  Bridges"  printed  in  the  last  part  of 
this  chapter,  calculated  for  impact  as  required  in  section  36. 

The  loads  required  by  the  Massachusetts  Railroad  Commission  for  bridges  carrying  electzic 
railways  are  given  in  the  1908  s[)ecifications  as  follows: 

12.  The  following  loads  shall  be  provided  for: — 
First.     Dead  Load. — The  weight  of  the  structure  itself. 

In  computing  this,  the  weight  of  timber  shall  be  taken  as  4}  lb.  per  foot  board  measure;  and 
the  weight  of  rails,  steel  guard  rails,  spikes,  and  bolts,  shall  be  taken  as  not  less  than  lOO  lb.  per 
linear  foot  of  each  track;  but  the  total  weight  of  the  floor,  above  the  stringers,  shall  not  be  assumed 
less  than  300  lb.  per  running  foot  for  each  track. 

Second.    Live  Load. — The  moving  load. 

Stringer  spans  and  the  floor  system  of  all  trusses  or  girders  shall  be  proportioned  to  carry  a 
double-truck  car  weighing  when  loaded  50  tons  with  a  total  wheel-base  of  25  ft.  and  a  wheel-base 
for  each  truck  of  5  ft. 

13.  Uniform  Load. — Trusses  and  girders  shall  be  proportioned  to  carry  one  car  of  the  above 
type,  or  a  uniformly  distributed  load,  on  each  track.  This  uniform  load  shall  be  varied  according 
to  the  lenfi:th  which  has  to  be  loadcnl  by  it  to  produce  the  maximum  stress  in  the  member  in  ques- 
tion. If  this  "loaded  length"  is  100  ft.  or  less,  the  load  shall  be  1,500  lb.  per  linear  foot  of  track; 
and  if  the  "loaded  length"  is  300  ft.  or  over,  the  load  shall  be  1,000  lb.  per  linear  foot  of  track, 
and  proportionally  for  intermediate  lenp^ths. 

14.  BUghway  Bridges. — In  highway  bridges  carrymg  electric  roads  the  above  speofications 
shall  apply  with  reference  to  the  loads  upon  the  railway  track.  In  addition,  the  following  moving 
loads  should  be  assumed  upon  the  highway  floor: — 

(a)  City  Bridges. — For  city  bridges,  subject  to  heav-y  loads: — 

For  the  floor  and  its  supix)rts,  a  uniform  lo;id  of  100  lb.  ix,t  sq.  ft.  of  surface  of  the  roadway 
and  sidewalks,  or  a  concentrated  load  of  20  tons  on  two  axles  12  ft.  apart,  with  6  ft.  between 
wheels.  In  computing  the  floorlx»ams  and  supports,  the  railway  load  shall  be  assumed,  together 
with  either  (i)  this  uniform  load  extending  up  to  within  two  feet  of  the  rails,  or  (2)  the  above- 
described  concentrated  load  alone. 

For  the  trusses  or  girders,  100  lb.  per  sq.  ft.  of  floor  surface  for  spans  of  lOO  ft.  or  less,  80  lb. 
for  spans  of  200  ft.  or  over,  and  proportionally  for  intermediate  spans.  This  uniform  Ic^  is 
to  be  taken  as  covering  the  floor  uj)  to  within  two  feet  of  the  rails. 

(6)  Suburban  Bridges. — For  suburban  or  town  bridges,  or  heavy  country  highway  bridgesr— 

For  the  floor  and  its  supports,  a  uniform  load  of  100  lb.  per  sq.  ft.,  or  a  concentrated  load  of 
12  tons  on  two  axles  8  ft.  apart;  these  loads  to  be  used  as  described  under  (a). 

For  the  t russets  or  girders,  80  lb.  per  sq.  ft.  of  floor  surface  for  spans  of  lOO  ft.  or  less,  and  60 
lb.  for  spans  of  200  ft.  or  more,  and  proportionally  for  intermediate  spans;  to  be  used  as  described 
under  (a).     See  (d). 

(c)  Country  Bridges. — For  light  country  highway  bridges: — 

For  the  floor  and  its  supports,  a  uniform  load  of  80  lb.  per  sq.  ft.;  this  load  to  be  used  » 
described  under  (a).     See  ((/). 
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trusses  or  girders,  80  lb.  per  sq.  ft.  of  floor  surface  for  spana  of  75  ft.  or  less,  and  50 
lb.  for  span^  of  200  ft.  or  more,  and  proportionally  for  intermediate  spans;  to  be  used  as  described 
under  (a). 

{d)  Road  Rollers. — All  parts  of  the  door  of  a  highway  bridge  should  also  be  proportioned  to 
,-ir^v  .  m^H  roller  weighing  15  tons,  and  having  thn*e  wheels  or  rollers,  the  weight  on  the  front 
tons,  and  the  weight  on  each  rear  roller  to  be  4.5  tons.  The  width  of  the  front 
taken  as  4  ft,,  and  of  each  rear  roller  20  in.;  the  distance  apart  of  the  two  rear  rollers 
tu  br  5  it.  eenters,  and  the  distance  between  front  and  rear  rollers  11  ft.  centers.  In  using  this 
rollrf .  the  6f>er  stresses  allowed  shall  be  ^o  per  cent  above  those  specified  in  paragraph  18;  and,  if 
tbc*  ire  not  over  2|  ft.  apart  on  centers^  each  load  shall  be  considered  distributed  equally 

on  -  rs. 

ir  itv^ — ^If  ties  or  wooden  floorbeams  are  exposed  to  bending,  the  weight  on  one  axle  shall 
be  ooctsiiicrvd  as  di&tribated  equally  upcjn  three  ties*  if  the  latter  arc  not  over  8  in.  apart  in  the 
ckar.  If  tbey  are  farther  apart,  the  load  on  each  shall  be  found  by  assuming  an  axle  load  to  be 
diBCfibuti^J  uniformly  over  a  distance  of  four  feet. 

t5-  Iinijact-— The  total  maximum  stress  in  any  piece  shall  be  computed  by  adding  togetb 
^  live  stresses,  the  live  Ii3ads  tR'ing  placed  in  the  ninst  unfavorable  position,  togeth 
tage  of  the  live  stress  to  allow  for  impact  and  vibration.     This  added  jxTcentage 
be  a^  lollows: — 

For  floorbeams  and  stringers 25  per  cent 

For  fl<.Hjrl>eam  hangers. ,  , , , 40    **      ** 

For  all  counters. , .40    **      ** 

For  other  mt-mbers  in  trusses,  and  for  main  girders; — 

Wbcci  the  ** loaded  length"  is  20  ft,  or  less ,  . . .  .35    '*      ** 

When  the  "loaded  length"  is  200  ft.  or  more .10   *'      " 

proportionally  for  intermediate  lengths. 

Wiod  Loads. — The  wind  loads  for  highway  bridges  are  given  in  '*  Specifications  for  Steel 
Higbway  Bridges,"  printed  in  the  last  part  of  this  chapter, 

MisceDaneous  Loads* — For  additional  loads  and  specifications  for  various  details,  see  the 
«lltlKU'*s  spifctfications  printed  in  the  last  part  of  this  chapter. 

CALCULATION   OP   STRESSES.— For  the  calculation  of  the  stresses  in  highway  bndges, 
the  author*8  "The  Design  of  Highway  Bridges/'  also  see  Chapter  XVL 

ALLOWABLE  STRESSES. — For  allowable  stresses  to  be  used  in  the  design  of  steel  highway 
Wd|pE5>se«  ''General  Specifications  for  Stet*l  Highway  Bridges,**  printed  in  the  last  part  of  this 
chapt<:r. 

SHORT  SPAN  STEEL  HIGHWAY  BRIDGES.— The  term  short  span  highway  bridges 
will  br  assu{ni*d  to  include  beam,  leg,  low  truss  and  plate  girder  bridges. 
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Beam  Bridges. — Beam  bridges  are  made  by  placing  steel  beams  side  by  side  with  the  ends 
resting  on  the  abutments.  The  roadway  floor  is  usually  made  of  planks  laid  transversely  on  the 
tops  of  the  beams.  The  spacing  of  the  beams  depends  upon  the  load  to  be  carried  and  upon  the 
thickness  of  the  floor  planks,  and  varies  from  2  to  3  ft.  A  common  rule  for  the  thickness  of  oak 
floor  planks  is  that  the  plank  shall  have  at  least  one  inch  in  thickness  foreach  foot  of  spacing  of 
the  joists  or  stringers.  The  outside  beams  carry  a  smaller  load  than  the  intermediate  beams  and 
are  usually  steel  channels.  The  intermediate  beams  are  steel  I  beams.  It  is  commonly  specified 
that  rolled  beams  shall  have  a  depth  not  less  than  |V  the  span. 


^iL^-4'^i'i 


rlfiftite  f^*i' 


Roadway       ^./.f.^ 

Ha/f  £n^  t//'ew.  Half  Cross  SecHort, 

Fig.  15.     Beam  Bridge.    American  Bridge  Company. 

Standard  steel  beam  bridges,  as  designed  by  the  American  Bridge  Company,  are  shown  ii 
Fig.  14  and  Fig.  15.  The  details  of  both  bridges  are  the  same  with  the  exception  of  the  fence. 
The  beams  rest  directly  on  the  bridge  seat  of  the  abutment  although  a  channel  with  the  legs 
turned  down  to  carry  the  beams  is  sometimes  laid  on  the  bridge  seat.  The  gas-pipe  rail  in  Fig. 
14  is  much  cheaper  than  the  lattice  rail  in  Fig.  15.  The  sizes  and  spacing  of  the  beams  for  the 
standard  beam  bridges  shown  in  Figs.  14  and  15  for  different  roadways  and  spans  are  given  in 
Table  III  (also  see  Tables  I  and  II).  The  bridges  in  Table  III  were  designed  for  a  live  load  d 
125  lb.  per  square  foot  of  floor,  or  a  15-ton  road  roller.  The  weight  of  the  railing  shown  in  Fig.  15 
may  be  taken  at  33  lb.  per  lineal  foot  of  bridge,  plus  100  ib.  for  each  railing  post. 

In  the  place  of  the  spiking  strips  on  the  tops  of  the  beams,  as  shown  in  Fig.  15,  spiking  strip* 
are  sometimes  bolted  on  the  sides  of  the  channels  and  the  center  I  beam,  or  two  channeb  wt 
used  for  the  center  beam  with  the  spiking  strip  bolted  between  them.  The  floor  planks  are  spiktti 
to  these  spiking  strips,  and  are  fastened  to  the  other  beams  by  clinching  spikes,  which  have  beefl 
driven  through  the  planks,  around  the  top  flanges  of  the  beams. 

The  maximum  span  for  beam  bridges  should  be  30  ft.     Riveted  truss  bridges  should  be  uw  , 
for  spans  of  30  ft.  and  upwards  for  country  bridges,  and  plate  girders  for  heavy  city  bridge* 
Riveted  bridges  for  spans  of,  say  40  ft.,  are  more  economical  than  plate  girder  bridges  and  w» 
give  fully  as  great  a  length  of  service  if  properly  designed  and  constructed.    The  ends  of  bea* 
bridges  should  always  be  supported  on  masonry  abutments. 

Solid  floors  made  of  reinforced  concrete  are  also  used  on  beam  bridges.     ^>.^^ 
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TABLE  in. 
Bbam  Highway  Bridges.    (AMEiaciiN  Bridge  Cohpakt^  Class  D  Loaoing.) 


Length  out  to 

iZ'WUe 

14' Wide 

W'Sld'Mde 

20k22U'de 

I0%H* 

3'7'*I^t5  11?, 

2-rc^  ^ilk 

4-1%  15  Ik 

5-77^15  Ik 
Z-l'Csf^lk 

6'77^l5lk 
Z-n^^ilk 

fS%  td' 

2-8''[>n^ib. 

4-d'lsld  lb. 
1-d'C^lll^lk 

5-d7yldJk 
2'6''[?lfilk 

6-67^16  Ik 
Z'd"I>/fiJk 

if%22' 

4-^7^21  tb. 
2'^'3l3i(k 

5-9'^m  Ik 
2-e"L^I3ilk 

0-^7^21  Ik 
2-^''3/3jlh 

2^%  20' 

3-fO'l^23  lb. 
2^fO'I}l5  !b. 

4'10'^nb  lb 
Z'IO"lil5  Ik 

5-IO'P25  Ik 
2-IO'l^l5  Ik 

0' 10  "p  2  3  th 
2'I0'1>I3  Ik  1 

T7%30' 

3'i2%^iifb. 
2'IZ'i^20ilk 

4'l27^3lifh 
2-/2  "3  20  f  Ik 

3-127^  3li  Ik 
2'l2'[nOilk 

e'l2''ls3lilk 
2-l2'*&20ilk 

3f'fo3$* 

3'i5'lU2  Ik 
2-i$''D33  Ik 

4-lfp42  Ik 
Z'l§*'^33  Ik 

3-13*342  Ik 
Z-l§''§33  ik 

^-I3'M2  Ik 
hi3*!^33  ik 

36%  40' 

5'IB''p3^lk 

Q-ld'HS^  fk 

l-ia'^33  Ik  1 

7'm1m  Ik 

Note :-  Clear  span  under  Coping  h  2  feet  hys  than  iengfh  out 
to  Qiff  of  keam^* 


--  C/eefr3pan 


3ox  Chord  Tee  Chord 

(b)  Fiooj?  B£AMS  Asoy^  Lowm  Q^oka 


fd)  Susp£Ni>eD  Fiooj?  Sfam  wim  Sme  Walk 


Fig,  1 6.    Details  op  Riveted  Low  Trusses. 
(Amejucan  Bridge  Coicpany,) 
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Trass  Bridges. — Low  riveted  bridges  are  made  with  either  Warren  or  Pratt 

Eirrcn  truss  usually  being  preferred.  The  upper  chtjrds  of  short  and  medium  length 
Uy  made  of  two  angles,  placed  back  to  back  as  in  Fig,  i6,  or  box  laced.  For  longer 
f  chords  may  be  made  of  two  angles  and  a  plate,  two  channels  laced,  or  two  channels 
Icovcr  plate  and  lacing  on  the  bottom  side  of  the  member.  The  lower  chord  and  the 
krs  are  made  of  two  angles  placed  in  the  same  relative  positions  as  in  the  upi>cr  chords. 
h — Details  of  a  riveted  low  truss  highway  bridge  with  the  floorbeams  riveted  below 
ponds,  arc  shown  in  Fig,  i6.  The  end  shoe  is  bolted  to  the  bridge  seat  by  means  of 
|b.  The  holes  in  the  bearing  plates  of  the  sh»jes  should  be  slotted  at  one  end  to  permit 
|due  to  changes  in  temperature.  Sliding  plates  should  be  provided  on  the  expansion 
aces  of  the  bearing  and  sliding  plates  in  contact  being  planes, 

of  rivrteti  low  truss  highway  bridges  with  btix-  and  with  tee-chords,  and  with  floor- 
low  the  lower  chords;  and  details  of  a  riveted  low  truss  highway  bridge  with 
with  suspended  floorbeams  arc  shown  in  Fig,  i6.  It  wil!  be  noted  that  no  side 
led  in  this  design.  The  same  method  of  suspending  the  flt>orbeams  is  shown  in 
low  truss  bridge  with  sidewalks.  Where  side  braces  are  not  used  the  posts  should 
ler  than  where  braces  are  used. 

eted  low  truss  highway  bridge  with  an  inclined  upper  chord  shown  in  Fig.  17,  is  built 
Bridge  Com^jany  for  locations  requiring  an  artistic  and  serviceable  bridge  at  a 
This  bridge  has  bc^n  built  with  six  panels  and  with  spans  of  90,  96  and  102  ft. 
in  Fig*  17  has  a  20-ft,  roadway  and  was  diisigned  for  a  dead  load  of  930  lb.  per  lineal 
nd  a  live  load  of  24OJ  lb.  per  lineal  foot  of  bridge.  The  total  weight  of  the  steel 
lusive  of  joists  and  fence  is,  approximately,  57,000  lb.  The  floorbeams  anr 
ind  are  riveted  below  the  chords.  The  top  chords  are  made  of  two  channels  with  a 
iUte,  the  lower  edges  of  the  channels  lieing  fastened  together  with  tie  plates — ^lacing 
ler  practice.  The  bottom  chord  is  composed  of  two  angles,  with  tie  plates — tie  plates 
for  this  member.  The  web  members  arc  made  of  2  or  4  angles  laced,  as  shown.  Rods, 
J  are  used  for  the  lower  lateral  system, 

iected  Low  Truss  Bridges.^Pin-connected  low  truss  highway  bridges  are  commonly 
Pratt  type,  with  either  half-hip  or  full -slope  end -posts.     The  upfjer  chords  of  pin- 
truss  highway  bridges  are  made  of  two  channels  and  a  top  cover  plate,  or  of  two 
the  posts  am  usually  made  of  four  angles  laced  or  battened;  while  the  tension 
vd  rods  or  eye-bars.     The  posts  and  the  chords  should  be  made  very  wide  and 
irely  fastened  to  the  floorbcams,  or  side  braces  should  be  used.     The  details  of  the 
Company's  half-hip»  low  truss  Pratt  highway  bridge  with  the  floorbeams  riveted 
are  shown  in  (a).  Fig.  18;  while  the  details  of  a  full-slope,  low  truss  Pratt  highway 
own  in  (b),  Fig.  18.     Low  truss  pin-connected  bridges  should  not  be  built  unluss 
is  used  to  brace  the  trusses  transversely.     The  half-hip  type  is  more  rigid  than  the 


L — Plate  girders  are  frequently  used  for 'highway  bridges.     Where  the  conditions 

t  plate  girder  bridges  are  to  be  preferred  to  through  plate  girder  bridges  for  highway 

[  plans  of  a  through  plate  girder  bridge  with  a  solid  floor  are  given  in  Fig.  19      The 

girders  when  used  for  highway  bridges  are  essentially  the  same  as  when  used  fur 

which  sec. 

f  09-(t.  span  through  plate  girder  highway  bridge  built  over  the  D.  L.  &  W,  R.  R- 

rity,  N.  J.  are  given  in  Fig,  20  and  Fig,  21.     The  girders  were  designed  for  a  live 

'  eq,  ft.  on  roadway  and  sidewalk;  while  the  roadway  floor  was  designed  for  a 

>  lb,  per  sq.  ft.  and  two  12,000  lb,  axle  loads  spaced  10  ft.  apart  with  an  allowance 

for  impact.     The  expansion  end  is  carrit*d  on  4  in.  rollers.     The  concrete  has  a 

I  of  4  tn.  and  is  covered  with  l\  in,  of  binder  and  2  in.  of  asphalt.     Each  main 

13,000  lb.;  and  the  total  weight  of  steel  in  the  bridge  was  about  405,000  lb. 
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Fig.  19,    Through  Plate  GfROER  Highway  Bridge. 


Floor  Plan  and  Elevation. 
Fig.  20,    Details  of  109-FT.  Plate  Girder  MtG^WAY  Bmtio^, 
fBnginetnng  kecordt  May  21,  1910,) 
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STEEL  HIGHWAY  BRIDGES.— Through  truss  bridges  with  spans  of 
>ft.»  are  built  with  parallel  chords  and  with  cither  pin-conncctcd  or  riveted  joints, 
roro  J 60  to  220  ft,  bridges  are  usually  built  of  the  Pratt  type  with  inclined  upper 

10  trusses.     Above  220  ft.,  bridges  are  usually  built  with  the  Petit  type  of  truss, 
are  approximate  only.     High  truss  pin-connected  bridges  should  never  be  built 
t  panels, 
gc  adopted  in  the  American  Bridire  Company's  standards  are  as  follows: 

-connected  trusses.  . .  .  .  .80  to  168  ft.  span 

■ted  trusses .  _ , 80  to  1 68  ft.  span 

uadningular,  riveted  trusses *»..*,  .  80  to  152  ft.  span 

bunJ  Pratt  (camel-back),  pin*connected  trusses. 168  to  220  ft.  span 

k  pin -connected ,..,.. .,,».. 220  ft.  span  and  over- 
Highway  Bridges. — The  details  of  a  riveted  truss  highway  bridge  for  light 
designed  by  Mr.  H.  S.  Crocker*  Consulting  Engineer,  Denver,  Colo.,  are  given  in 
-33.     The  details  of  a  pin-connected  truss  highway  bridge  designed  for  country 
I  Fig,  24,  Fig,  25  and  Fig.  26.     Both  of  these  bridges  represent  standard  practice 
cl  highway  bridges  for  light  country  traffic.     For  additional  examples  of  steel 

the  author's  "The  Design  of  Highway  Bridges." 

ptb  and  Panel  Length  of  Trusses.— The  economic  depth  and  panel  length  of 

able  of  mathematical  cakulatiun.     The  minimum  depth  is  determined  by  the 

room,  which  varies  from  12  j  to  15  ft.     Short  panel  lengths  give  heavy  trusses 

lems;  while  long  panels  give  light  trusses  and  heavy  floor  systems.     For  ordinary 

:  economical  to  use  panel  lengths  less  than  15  ft.  for  short  spans  nor  more  than 

The  minimum  depth  for  through  spans  is  about  16  feet  where  the  floorlieams 

the  lower  chords.     To  make  a  stiff  structure,  the  depth  should  be  sufficient  to 

:  of  the  floorbcams  above  the  lower  chords  and  to  permit  of  efficient  portal  and 

Icpcricnce  has  shown  that  the  most  economical  conditions  occur  when  the  angle  0, 

ch  is  the  panel  length  divided  by  the  depth,  is  about  40  degrees.     The  top  chord 

iritb  inclined  chords  should  be  approximately  on  a  jmrabola  passing  through  the 


TABLE  IV. 
isfEL  Lengths  of  Through  Hiijhway  Bridges  Used  by  Americam  BRmcE 
Company. 


cTlitti. 


I  pin-connected! 


I 


^arren  riveted , 


pin-connccied . 


lOected 


Span.  Feet. 


80  to    9c 

q6  to  126 

135  to  1A7 

152  10  168 

80  to  90 
90  tu  114 
119  to  133 
135  to  152 

162  to  180 
190  to  220 

240  to  276 

294  »o  %12 


Number  of 
Panels. 


9 
10 

12 
14 


Ratio  of  Depth  to  Panel  Length, 


1.0 
I.O 
1.0 
t.I 

1.0 
1.0 
1.0 
1.1 

1.0,  i.i59»  1.25,  i.ig 
1,0,  1.238,  J.28»  1.43 


1,0, 
to. 


i.397t  1. 555.  I7U 
t.36,  1.60,  1.84,  2.00 


lY  bridge  floors. — Highway  bridge  floors  are  made  of  timber  as  in  Kigi. 
I  ronrret»f ;  buckle  plate;  corrugated  steel  floor,  Z-bar  floor,  or  angle  and  plate 
ttr.     For  specifications  for  floors,  see  "Specifications  for  Steel  Highway 
-  pdtrt  of  thb  chapter. 
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r  Floors. — The  wearing  surface  should  be  of  white  oak  or  similar  timber  laid  transversely 
idge.  Where  two  layers  of  plank  are  used  the  lower  layer  is  commonly  laid  diagonally, 
bould  be  laid  from  }  to  1  in.  apart  so  that  water  will  not  be  retained  but  will  run  through 


/7'olfp  Center  Une 


i  j  i 

,4-3''  CreosaM  "^ouf hern  Fine  Bhcks 


^H  ip$i8caCion  of  coal  tar  to  the  surfaces  that  are  not  exposed  will  prolong  the  life  of  the 
jPKtrrully.  If  poseihie*  timl)er  treated  by  a  preservative  process  should  be  used  f«>r  floors 
ppoisd  of  faorc  than  one  layer  of  plank.     Each  plank  should  be  dolidly  spiked  to  the  joists^ 


Chofvi 
FKi-  3S.    Timber  Floor,  33RD  Street  Viaduct,  Denver,  Colorado. 
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using  4od  spikes  for  planks  2}  in.  thick  and  under,  and  6od  spikes  for  planks  from  2|  to  4  in. 
thick.  Where  steel  joists  are  used,  spiking  strips  about  3  in.  X  8  in.  are  bolted  to  the  topt  of 
all  joists,  or  spiking  strips  4  in.  X  6  in.  are  bolted  to  the  sides  of  three  lines  of  joists  under  eick 
plank  length.    When  the  latter  method  is  used  the  floor  planks  are  fastened  to  the  intermediate 
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FiG.  29.    Details  of  Concrete  Floor. 


U-v.-.-.'. lO'O'itoiOirder^ ^ ^^ 

^  i  i  ! 

I  t  I 

Concrete  6 ,  reinforceci\-\  ' 


v^rifh  expanded  metal  ]  ji     f  Asphalt  5  \ 


>**«» 


-7  <^^ 


Sect  ton 
3howtng  relafiveposittons  ofqtrdery, 
floorbeaiiniPytrin^en. 

Fig.  30.    Floor  of  Harrison  Street  P^ate  Girder  Bridge,  Primcbton,  N.  J« 

(American  Bridge  Co.) 

joists  by  bending  sfrikcs,  driven  through  the  floor  plank,  around  the  upper  flanges  of  the  joi 
Two  channels  with  a  3  irt.  X  6  in.  spiking  piece  bolted  between  the  channeb  are  sometimes  ■ 
for  the  center Jine  of  joists.    Channels  are  commonly  used  for  the  outside  Joists. 
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nber  floor  with  cncosoted  timber  block  wearing  surface  is  shown  in  Fig,  27,     The  timber 

Kould  be  laid  with  plenty  of  room  for  the  pitch  filler,  and  should  not  be  laid  on  a  sand 

Where  timber  blocks  have  been  laid  on  a  sand  cushion  the  blocks  have  crawled  and 

^  badly  that  the  paving  has  not  been  satisfactory. 

Reinforced  Concrete  Floors,— The  lower  edge  is  reinforced  with  expanded  metal,  with  rods, 

fc^iih  wire  netting  or  other  form  of  reinforcement*     The  wearing  surface  of  the  roadway  of 

ifurtTfd  concrete  floors  is  commonly  made  of  asphalt  as  in  Fig.  30,  of  paving  brick  as  in  Fig.  2% 

Eoodcn  blocks  or  other  form  of  pavement.  Recently  the  wearing  surface  has  been  made  of 
hened  concrete,  but  its  use  is  still  in  the  experimental  stage.  (Roughened  concrete  wearing 
Iboes  on  bridges  in  Denver,  Colo.,  are  giving  excellent  satisfaction.)  The  wearing  surfaces  of 
I  walks  are  made  of  concrete  with  a  cement  finish  as  for  sidewalks.     Care  should  be  used  to 

r*de  an  expansion  joint  at  one  end  of  the  bridge.     This  may  be  accomplished  by  means  of  a 
plate  &IIc-d  wnth  asphalt  placed  between  the  end  of  the  floor  and  the  abutment. 
Buckle  Plates. — Buckle  plates  are  made  by  *' dishing**  flat  plates  as  in  Table  55,  Part  IL 

Eldth  of  the  buckle  IV  or  length  L,  varies  from  2  ft.  6  in.  to  5  ft.  6  in.     The  buckles  may  be 
with  the  greater  dimension  in  either  direction  of  the  plate.     Several  buckles  may  be  put 
plate,  all  of  which  must  be  the  same  size  and  symmetrically  placed.     Buckle  plates  are 
'  1  ^n-i  1^  An.,  i  in.  and  i^  in.  in  thickness.     For  details  of  corrugated  steel  floors  see  Fig.  26 
tl. 


Fig,  31.     Lattice  Floorbeam  and  Solid  Bucklb  Plate  Floor, 

tTEWROOFING    BRIDGE    FLOORS.— For  methods  of  waterproofing  bridge  floors, 
ih  of  waterproofing  railway  bridge  floors  in  Chapter  IV. 

BS  AND  PEDESTALS.— The  bridge  rests  on  shoes  or  pedestals,  the  loads  being  trans- 
lo  the  shoes  in  pin-connected  bridges  by  means  of  pins*  and  through  the  riveted  joints  in 
bridges.     The  shrx*s  ai  the  ex'pansion  ends  of  the  bridge  arc  placed  on  sratKJth,  sliding 
lor  bridges  of  less  than,  say,  70  ft.  span,  and  on  nests  of  rollerji  for  sfxans  of  greater  length. 
of  the  rollers  under  the  expansion  ends  of  rivetecl  bridges  will  be  much  more  satia- 
thc  »hoes  are  pin-connected  to  the  truss  the  same  as  for  pin-connected  trusses.     Rollers 
Buide  with  as  large  diameters  as  practicable  in  order  to  reduce  the  pressure  on  the  base 
And  also  to  reduce  the  resistance  to  movement.     Experience  shows  that  even  for  light 
Ifn  rollers  wnaUer  than  3  in,  diameter  are  practically  worthless.     To  economize  space,  seg- 
Cal  ciillerB,  as  shown  in  Fig,  32,  are  often  used  for  heavy  spans. 

It  k  QMia]  to  specify  that  a  movement  produced  by  a  variation  of  150  degrees  Fahr.  be  pro- 
rI  for.  Thr  cocflicicnt  of  expansion  of  steel  is  approximately  0.0000067  per  degree  Fahr., 
kk  iBftkei  It  neccsBary  to  provide  for  approximately  one  inch  ol  movement  for  each  80  ft.  of 

h  bridge  «*at8  are  of  the  same  height,  the  fixed  end  is  carried  on  cast  iron  pedestal 

blocks  aro  usually  made  with  recesses  (honey-combed J  to  reduce  the  weights     The 

details  of  the  American  Bridge  Company's  standard  highway  bridges  are  shown  in 
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FENCE  AND  HUB  GUARDS.— The  simplest  form  of  fence  is  that  shown  in  Fig.  36.  The  p 
are  made  of  4  in.  X  4  in.  pieces  and  are  spaced  about  8  ft.  apart.  The  top  railing  is  made  of 
pieces  2  in.  X  4  in.,  while  the  side  piece  is  a  2  in.  X  8  in.    Similar  details  are  used  for  steel  jo 
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Fig.  33.    Shoes  for  Riveted  Highway  Bridge.    (American  Bridge  Co.) 


Rol/erFnd, 


Cfevh  for  dofhm  Laterah, 
^J'Pfafes  for  Top  I  aferah. 


\-5''Phnk 


Cross  5eciion. 

Fig.  34.    Shoes  and  Floor  Details  for  Pin-Connected  Highway  Bridge. 
(American  Bridge  Co.) 

The  4  in.  X  6  in.  felloe  guard  should  be  firmly  bolted  to  the  floor.  Blocks  of  wood  i  or  2  ifl^ 
thick,  called  "shims,"  are  sometimes  placed  between  the  felloe  guard  and  the  floor.  ShiflW* 
of  questionable  utility,  and  should  not  be  used.    A  gas  pipe  fence  with  angle  rail  is  shown  in  ft-J 
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(  gai  pipe  railing  with  gas  pipe  posts  is  shown  in  Fig.  J7-     The  posts  should  be  spaced  not 
Tthaa  8  ft.  apart.     The  rail  in  Fig.  37  w^b  used  in  the  Pennsylvania  Ave.  Subway,  Phila- 
ilphia,  and  was  furnished  at  $0.95  per  lineal  foot.     An  ornamental  fence  with  pipe  top  rail  and 
an  newel  posts  is  shown  in  Fig,  38.     The  rail  in  Fig.  38  was  used  on  the  same  contract  as 
own  in  Fig,  37,  and  was  furnished  at  |c2,oo  per  lineal  foot.     Details  of  the  fence  and  light 
the  20th  St.  Viaduct,  and  the  fence  on  23rd  St.  Viaduct,  Denver,  Colo.,  designed  by 
S,  Crocker,  Consulting  Engineer,  are  shown  in  Fig.  39. 


';?*:' 


FlG.  36. 

us  Data. — The  American  Bridge  Company's  standards  contain  the  following 
>  spans  the  center  to  center  length  should  equal  the  clear  span  plus  1  ft.  6  in.;  while 
^c  Wntcth  over  aU  is  equal  to  the  center  to  center  length  plus  i  ft.     For  high  trusses  the  center 
h  should  equal  the  dear  span  plus  2  ft.;  while  the  length  over  all  is  equal  to  the 
length  plus  I  ft.  6  in 


'pfpeifdhrrt. 


f2<iiam.<\ 


'^r^^ 


h^ 


ijdhm/ 


Fia  37 


Pipejyiam,  ^^Channely   ^r-Ca^tCap 


li^  I-'  I  Channel^ 
Fig.  38. 


ee  rail  ifi  mw^  of  two  angles  2)  in.  X  2  in.  X  A  in..  18  in.  back  to  back,  with 
madt:  of  I }  in.  X  A  in*»  ^^  i"-  center  to  center.     Total  weight  of  this  rail  is  ^\  lb. 
1  fool,  plu*  25  lb,  for  each  end.     This  weight  docs  not  include  the  p^jsts.     Posts  for  ga« 
)  mil  iMgb  t%  lb.  each  «ind  should  be  placed  at  each  panel  point  and  midway  point- 
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fj'Ci»i,affhn"-jflfmm'* 
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Denver,  ColcrapO' 


lJto/»* 


Fence  for  20"^  St-  V/adi/ct, 
Denver,  Colorado- 


ELECTRtc  Light  Pole, 
20^ 5T- Viaduct,  DENVER,Couh 


Fig.  39.     Steel  Fence  for  Highway  Bridges. 

Anchor  bolts  for  high  spans  may  be  estimated  at  20  lb.  per  span.  Anchor  bolts  for  low  tru» 
spans  may  be  estimated  at  16  lb.  per  span.  Floor  bolts  through  wheel  guard  weigh  one  lb.  per 
lineal  foot  of  span. 

In  estimating  the  weight  of  sidewalk  brackets  run  the  floorbeam  out  a  distance  equal  totte 
clear  width  of  the  sidewalk  and  add  100  lb.  for  the  weight  of  the  railing  post. 


GENERAL  SPECIFICATIONS  FOR  STEEL  HIGHWAY  BRIDGES.* 

BY 

MILO  S,   KETCHUM, 

M.  Am.  Soc.  C,  E, 

Second  Edition, 

1914. 


PART  I.     DESIGN. 
General  Description. 

Bridges  under  these  specifications  are  divided  inta  ei^ht  classes,  as  follows: 
T  city  trallic. 

or  suburban  or  intcrurban  traffic  with  heavy  electric  cars. 
Cks»  C, — For  country  roads  with  ortlmar>'  traffic  and  light  electric  cars* 
Oaas  Dj. — For  country  roads  with  heavy  traffic. 
CUm  Df. — For  country  roads  with  IiRht  traffic. 
Class  Ei.^— For  heavy  electric  street  railways  only. 
CUfls  Ef. — For  medium  electric  street  railways  only. 
Oass  E». — For  light  electric  street  railways  only. 

liliteriftL — All  parts  of  the  structure  shall  be  of  rolled  steel,  except  the  flooring,  floor 
'  wheel  guartls,  when  wo<K:len  Ilix>rs  are  used.     Cast  iron  or  cast  steel  may  be  used  in  the 
ry  of  movable  bridtje*^.  for  wheel  guards,  and  in  special  cases  for  \ye<\  plates. 
Types  of  Truss. — The  following  tyf>es  of  bridges  are  recommended: 
up  to  30  ft, — Rolled  beams, 

Trora  30  to  80  ft. — Riveted  plate  girders,  or  riveted  low  trusses  for  classes  A,  B,  Ei, 
nd  riveted  low  trusses  for  elates  C,  Di  and  Dj. 

to  i6q  ft, — ^ Riveted  or  pin-connected  high  trusses. 
60  to  200  ft. — Pin-connected  trusses  of  the  Pratt  type  with  inclined  chords. 
over  200  ft, — Pin-connected  trusses  of  the  Petit  type. 

4.  Length  of  Span-^In  calculating  the  stresses  the  length  of  span  shall  be  taken  as  the 
istance  between  centers  of  end  pins  for  pin- con  nee  ted  trusses,  centers  of  end  bearing  plates  for 
bftted  tmsaes  and  for  girders,  and  center  to  center  of  trusses  for  tloorbeams, 

5,  Foan  of  Trusses, — The  form  of  truss  shall  preferably  be  as  given  in  paragraph  3.  In 
ktoiih  tnisaes  the  end  vertical  suspenders  and  the  two  panels  of  the  lower  chord  at  each  end 
bjiH  Ix-  inAil**  ritrid  rautnbers  if  the  wind  load  produces  a  reversal  of  stress  in  the  lower  chord.     In 

\  fhe  rtoorbeams  shall  be  riveted  above  or  below  the  lower  chord  pins. 

Bracing. ^All  lateral  and  sway  bracing  shall  preferably,  and  all  portal  bracing 
Ik,  Qipuk  of  shapes  capable  of  resisting  compression  as  well  as  tension,  and  shall  have  riveted 
'-*- — -      Low  trusses  and  through  plate  girders  shall  be  stayed  by  knee  braces  or  gusset 
*  -am. 
^usses, — For  bridges  carr>'ing  electric  cars  the  clear  width  fmm  the  center  of 
''  -s  than  7  ft.  at  a  height  exceeding  one  foot  above  the  track  where  the 
;  f<|utvaicnt  distance  when  the  tracks  are  cur\'ed.     The  distance  between 
1  no  ciise  be  less  than  one-twentieth  of  the  span  between  the  centers  of 
.   and  ahall  preferably  not  be  less  than  one-twelfth  of  the  span. 
om.— For  classes  A,  B,  C,  D|,  Ei,  Ej  and  Ej  the  clear  head  room  for  a  width  of 
k,  or  eight  (8)  ft.  on  the  center  line  of  the  bridge  shall  not  be  lesB  than 
t  less  than  t2|  ft. 

'  "        re  required,  they  shall  generally  he  placed  outside  of  the 

I  I  beams  resting  nn  overhanging  steel  brackets, 

...  -,.^  ...  i  .u..able  handrailing  shall  be  placed  at  each  side  of  the  bridge 
ird  to  thr  sup*"rstructure. 

trrg,— Trestle  bents  shall  preferably  be  composed  of  two  supporting  colurnns, 
r;  each  tower  thus  fiirmed  shall  be  thoroughly  braced  in  both  directions 
the  feet  of  the  columns.     The  feet  of  the  columns  must  be  secured  to 
\K  ciip-ibk  lit  resisting  one  and  one-half  times  the  specified  wind  forces  (J89). 

A  fr.rTi  fit!'  author's  '*The  Design  of  Highway  Bridges/* 
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E^ch  tower  shall  have  a  sufficient  base,  longitudinally  to  be  stable  when  standing  alone, 
without  other  support  than  its  anchorage.  Tower  spans  for  high  trestles  shall  not  be  less  than 
30  ft. 

12.  Proposals. — Contractors  in  submitting  proposals  shall  furnish  complete  stress  sheets, 
general  plans  of  the  proposed  structures,  and  such  detail  drawings  as  will  clearly  show  the  dimen- 
sions of  all  the  parts,  modes  of  construction  and  sectional  areas. 

13.  Drawings. — Upon  the  acceptance  and  the  execution  of  the  contract,  all  working  drawings 
required  by  the  engineer  shall  be  furnished  free  of  cost  {§168). 

14.  Approval  of  Plans. — No  work  shall  be  commenced  or  materials  ordered  until  the  working 
drawings  have  been  approved  by  the  engineer  in  writing. 

FLOOR  SYSTEM. 

15.  Floorbeams. — All  floorbeams  shall  be  rolled  or  riveted  steel  girders,  rigidly  connected 
to  the  trusses  at  the  panel  p>oints,  or  may  be  placed  on  the  top  of  deck  bridges  at  panel  points. 
Floorbeams  shall  preferably  be  square  to  the  trusses  or  girders. 

16.  Joists  and  Stringers. — All  joists  and  stringers  of  bridges  of  classes  A,  B,  Ei,  £s  and  Ei 
shall  be  of  steel.  Joists  for  classes  C,  Di  and  Uj  may  be  either  of  wood  or  steel  as  specified. 
Steel  joists  shall  be  securely  fastened  to  the  cross  floorbeams,  and  steel  strineers  shall  preferably 
be  riveted  to  the  webs  of  floorbeams  by  means  of  connection  angles  at  least  f^  in.  thick.      , 

17.  End  Spacers  for  Stringers. — Where  end  floorbeams  cannot  be  used,  stringers  resting  on 
masonry  shall  have  cross-frames  near  their  ends.  These  frames  shall  be  riveted  to  girder  or  truai 
shoe  where  practicable. 

18.  Wooden  Joists. — Wooden  floor  joists  shall  be  spaced  not  more  than  2}  ft.  centers,  and 
shall  lap  by  each  other  so  as  to  have  a  full  bearing  on  the  floorbeams,  and  shall  be  separated  i  in. 
for  free  circulation  of  air.  Their  width  shall  not  be  less  than  3  in.,  or  one-fourth  the  depth  in 
width.  When  spaced  not  more  than  2  ft.  centers,  one  joist  shall  be  considered  as  carrying  one 
half  of  the  concentrated  live  load.  Oak,  longleaf  yellow  pine  and  Oregon  fir  are  to  be  designed 
for  a  safe  bending  of  i  ,200  lb.  per  sq.  in.,  bearing  across  the  fiber  of  350  lb.  per  sq.  in.,  and  shearing 
along  the  fiber  of  100  lb.  per  sq.  in. 

19.  Steel  Joists. — Steel  beams  when  used  as  joists  shall  have  a  depth  of  not  less  than  one 
thirtieth  of  the  span,  and  one-twentieth  of  the  span  when  used  as  track  stringers.  Steel  joists 
shall  be  spaced  not  to  exceed  3  ft.  centers.  When  spaced  not  to  exceed  2  ft.  centers,  one  joist  shall 
be  considered  as  carrying  one-half  the  concentrated  load;  when  spaced  more  than  2  ft.  and  not 
more  than  3  ft.  one  joist  shall  be  considered  as  carrying  two-thirds  of  the  concentrated  load. 

20.  Floor  Plank. — For  single  thickness  the  roadway  planks  shall  not  be  less  than  2 J  in.  thick 
for  oak  or  3  in.  for  pine,  nor  less  than  one-twelfth  of  the  distance  between  centers  of  joists,  and 
shall  be  laid  transversely  with  }  in.  openings  and  securely  spiked  to  each  joist.  All  plank  shall  be 
laid  with  heart  side  down.  When  an  additional  wearing  surface  is  required  it  shall  be  I J  in. 
thick,  and  the  lower  planks  of  a  minimum  thickness  of  2}  in.  shall  be  laid  diagonally  with  §  in. 
openings. 

21.  Footwalk  plank  shall  bo  not  less  than  2  in.  thick  nor  more  than  6  in.  wide,  spaced  with 
i  in.  openings. 

All  plank  shall  be  laid  with  heart  side  down,  shall  have  full  and  even  bearing  on  and  be 
firmly  attached  to  the  joists. 

22.  Wheel  Guards. — Wheel  guards  of  a  cross-section  of  not  less  than  6  in.  by  4  in.  shall  be 
provided  on  each  side  of  the  roadway.  They  shall  be  spliced  with  half-and-half  joints  with  6  in. 
lap,  and  shall  be  bolted  to  the  stringers  or  joist  with  I  in.  bolts,  spaced  not  to  exceed  5  ft.  apart. 

23.  Solid  Floor. — For  bridges  of  classes  A  and  B  a  solid  floor,  consisting  of  wooden  blocks^ 
brick,  stone,  asphalt,  etc.,  on  a  concrete  bed  is  recommended.  For  this  case  the  floor  shall  consist 
of  buckle  plates  or  corrugated  sections  or  other  satisfactory  reinforcement,  and  a  waterproof 
concrete  (bitumen  or  cement)  i)ed  ncjt  less  than  3  in.  thick  for  the  roadway  and  2  in.  thick  for  the 
footwalk,  over  the  highest  point  to  be  covered,  not  counting  rivet  or  bolt  heads.  The  floor  shal 
be  laid  with  a  slope  of  at  least  one  inch  in  10  ft. 

24.  Buckle  plates  shall  not  be  less  than  A  in  thick  for  the  roadway  and  J  in.  thick  for  the 
footwalk.     The  crown  of  the  plates  shall  not  be  less  than  2  in. 

25.  For  solid  floor  the  curb  holding  the  paving  and  acting  as  a  wheel  guard  on  each  sideol 
the  roadway  shall  be  of  stone  or  steel  projecting  about  6  in.  above  the  finisheoT paving  at  the  gutter. 
The  curb  shall  Ix'  so  arranged  that  it  can  be  removed  and  replaced- when  worn  or  injured.  Th« 
shall  also  be  a  metal  edging  strip  on  each  side  of  the  footwalk  to  protect  and  hold  the  paviiC 
in  place. 

26.  Drainage. — Provision  shall  be  made  for  drainage  clear  of  all  parts  of  the  metal  work. 

27.  Floor  of  Classes  Ei,  E2,  and  E3.— The  floors  of  classes  Ei,  Ej,  and  Es  shall  consist  «f 
cross-ties  not  less  than  6  in.  by  6  in.  for  stringers  spaced  6 J  ft.;  and  larger  for  greater  spadnf^ 
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hall  be  spaced  with  openings  not  exce<?dmg  6  m,,  shall  be  notched  down  )  in.,  and  secured 

supporting  stringers  by  i  in.  bolts  spaced  not  over  6  ft.  apart.     The  ties  shall  extend  the 

'  Jth  of  the  bridge  on  deck  bridges,  and  every  other  tie  shall  extend  the  full  width  in  through 

to  carr>*  the  foot  walk.     Ties  shall  be  designed  for  the  same  allowable  unit  stresses  as 

_    L  joists. 

There  shall  be  guard  timbers  not  less  than  6  in.  by  6  in.*  or  5  in.  by  7  in.,  on  each  side  of 
ittcli  track,  with  their  inner  faces  not  less  than  9  in.  from  the  center  of  the  rail.  They  shall  be 
buched  I  in.  over  every  tie,  and  shall  be  spliced  over  a  tie  with  a  half-and-half  joint  with  6  in. 
ipT  EacH  guard  timber  shall  be  fastened  to  every  third  tie  and  at  each  splice  with  a  |  in.  bolt.^ 
lu  beads  or  nuts  on  the  upper  faces  of  ties  or  guards  shall  be  countersunk  below  the  surface  <  '" 

PART   II.     LOADS. 

DeAd  Load. — The  dead  load  will  consist  of  (t)  the  weight  of  the  metal,  and  (2)  the  weight 
timl>er  tn  the  floor,  or  of  the  material  other  than  steel.     In  determining  the  dead  load  the 
_bt  of  ixik  or  other  hard  wood  shall  t>e  taken  at  4 J  lb.  per  foot  board  measure,  and  the  weighi 
bf  iiine  or  other  soft  woo<Js  at  3}  lb.  per  foot:  the  weight  of  asphalt  at  150  lb.,  of  concrete  ant 
MViog  brick  at  150  lb.,  and  of  granite  at  160  lb   per  cu.  ft. 

'Oic  railn,  fastenings,  splices  and  guard  timbers  of  street  railway  tracks  shall  be  assumed  t( 
less  than  1 00  lb.  per  lineal  foot  of  track. 

ve  Load,— The  bridges  of  different  classes  shall  be  designed  to  carry,  in  addition  to 

I  weight  and  that  of  the  flix>r,  a  moving  load,  either  uniform  or  concentrated,  or  both,  aa< 

I  below,  placed  so  as  to  give  the  greatest  stress  in  each  member. 

^y-l.     tor  City  Traffic. — For  the  floor  and  its  supports,  on  any  part  of  the  roadway 

f  the  street  car  tracks,  a  concentrated  loaf  I  of  24  tons  on  two  axles  10  ft.  centers  and  5  ft- 

med  to  occupy  12  ft.  in  width  for  a  single  line  or  22  ft.  for  a  double  line)»  and  upon 

tting  portion  of  the  floor,  including  walks,  a  load  of  loo  lb.  per  sq.  ft. 

i  for  the  trusses  as  per  Table  I. 

B,     For  Suburhan  or  Interurban  Traffic* — For  the  floor  and  its  suppoits,  on  any  part 
3way.  a  concentrated  load  of  12  tons  on  two  axles  10  ft.  centers  and  5  ft.  gage  (assumed 
•  a  width  of  12  ft.),  or  on  each  street  car  track  a  concentrated  load  of  24  tons  on  two 
ft.  centers:  and  on  the  remainlitg  portion  of  the  floor,  including  footwalks,  a  load  of  lOO 
|b*  per  sa.  ft* 

Lotjids  for  the  trusses  a,s  per  Table  T, 

CUiu  C     For  HifihuHiy  and  Light  Interurban  Traffic. — For  the  floor  and  its  supports,  01 
:  of  the  njadway.  a  concentrated  load  of  12  tons  on  two  axles  10  ft.  centers  and  5  ft,  ga^ 
'  to  occupy  a  width  of  12  ft.),  or  on  each  street  car  track  a  concentrated  load  of  t8  tona 
10  ft,  centers;  and  upon  the  remaining  portion  of  the  floor,  inclmlln)^  footwalkis, 
I  lb.  per  sq.  iu 

i  for  the  trusses  ais  per  Table  L 

;/>j.      Heavy  Country  Bridges. — For  the  floor  and  its  supports,  a  load  uf  roo  lb.  jier 
trrtaJ  fl«Kj>r  surface  or  a  20-ion  traction  engine  with  axles  11  ft.  centers  and  7  ft.  gage, 
\  oS  the  load  to  lie  carried  on  the  rear  axles. 
Leads  for  the  trusses  as  per  Tabic  I.     No  bridge,  however,  to  be  designed  for  a  load  of  less 
I  lb.  ^KT  Imeal  fout  of  bridge. 

Ordinary  Country  Bridges. — ^For  the  floor  and  its  supfx>rts,  a  load  of  80  lb.  per 
%\  fliKT  surface  or  a  15-ton  traction  engine  with  axles  10  ft.  centers  and  6  ft,  gage, 
( 1 '  «  be  carried  on  the  rear  axles. 

-418  as  per  Table  L     No  biidge,  however,  to  be  designed  for  a  load  of  less 
per  iiDi::-U  foot  of  bridge. 

1,-     For   Heavy  EJectric  Railways  Only, — On  each  track  a  series  of  concentrations 

'1  ks*  the  axles  of  the  pairs  being  spaced  5  ft.  centers,  while  the  distance 

xlcs  is  to  ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers.     The 

f  40,000  lb.,  making  a  total  of  160,000  lb.     (jr  a  uniform  load  of  6,000 

tl  1  1^  up  to  50  ft.,  reduced  to  4,500  lb.  per  lineal  foot  for  spans  of  200  fi 

^  ami  .      ,  I y  for  intermediate  spans. 

Et*     fffr  Medium  Electric  Rattu^ays  Only. — On  each  track  a  series  of  concent  ratio 
g  of  two  pairv  of  trucks,  the  axles  of  the  pairs  being  spaced  5  ft.  centers,  while  the  distani 
fior  axles  is  10  ft.,  the  pairs  of  trucks  l>eing  spacefl  15  ft.  centers, 
load  of  25.000  lb.,  making  a  total  load  of  100,000  lb.     Or  a  uniform  loa) 
'   -    "         I.  up  to  50  ft.,  reduced  to  2,000  lb.  jK-r  lineal  ftxjt  for  spans 
!y  for  intermediate  spans. 
^  ^,r'"    ' —  -    .^iiilways  Only, — On  each  track  a  series  of  concentration* 

f  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5  ft.  centers,  while  the  disi 
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between  centers  of  interior  axles  is  lo  ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers, 
axles  are  loaded  with  a  load  of  20»ooo  lb.,  making  a  total  load  of  80,000  lb.  Or  a  uniform  1 
2,500  lb.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  1,500  lb.  per  lineal  foot  for  sp 
200  ft.  and  over,  and  proportionately  tor  intermediate  spans. 


TABLE  L 
Live  Loads  for  the  Trusses. 


span  in  Feet. 


Up  to 

100 

105 

no 

IIS 

120 

125 

130 

135 

140 

H5 

ISO 

ISS 

160 

165 

170 

I7S 

180 

I8S 

190 

195 

200 

and  over! 


Class  A. 


at 


1,800 
1,770 
1,740 
.1,710 
1,680 
1,650 
1,620 
1,590 
1,560 
1,530 
1,500 
1,470 
1,440 
1,410 
1,380 
1,350 
1,320 
1,290 
1,260 
1,230 

1,200 


mi 
4i 


100 

99 
98 

97 
96 

95 
94 
93 
92 
91 
90 
89 

88 

87 
86 

85 
84 

83 
82 
81 

80 


Class  B. 


21 2^3  . 
3  2,5H 


1,800 
1,770 
1,740 
1,710 
1,680 
1,650 
1,620 
1,590 
1,560 
1,530 
1,500 
1,470 
1,440 
1,410 
1,380 
1,350 
1,320 
1,290 
1,260 
1,230 

1.200 


80 

79 
78 
77 
76 

75 
74 
73 
72 
71 
70 
69 
68 

67 
66 

65 
64 

63 
62 
61 

60 


Class  C. 


1,200 
1,190 
1,180 
1,170 
1,160 
1,150 
1,140 
1,130 
1,120 
1,110 
1,100 
1,090 
1,080 
1,070 
1,060 
1,050 
1,040 
1,030 
1,020 
1,010 

1,000 


Sill 

rP 


80 
79 
78 
77 
76 
75 
74 
73 
72 

71 
70 
69 
68 

67 
66 

65 

63 
62 
61 

60 


Class  Di.      Clai 


i 


80 
79 
78 
77 
76 
75 
74 
73 
72 
71 

69 
68 

67 
66 

A* 
62 
61 

60 
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30.  Wind  Loads. — The  top  lateral  bracing  in  deck  bridges  and  the  bottom  lateral  brae 
through  bridges,  shall  be  designed  to  resist  a  lateral  wind  load  of  300  lb.  for  each  foot  of 
150  lb.  of  this  to  be  treated  as  a  moving  load. 

The  bottom  lateral  bracing  in  deck  bridges,  and  the  top  lateral  bracing  in  through  br 
shall  be  designed  to  resist  a  lateral  wind  force  of  150  lb.  for  each  foot  of  span.  In  bridges 
sway  bracing  one-half  of  the  wind  load  may  be  assumed  to  pass  to  the  lower  chord  throuf 
sway  bracing.  For  spans  exceeding  300  ft.,  add  in  each  of  the  above  cases  10  lb.  addition 
each  additional  30  ft. 

31.  In  trestle  towers  the  bracing  and  columns  shall  be  designed  to  resist  the  following  1 
forces,  in  addition  to  the  stresses  due  to  dead  and  live  loads:  The  trusses  loaded  or  unloade 
lateral  pressures  specified  above;  and  a  lateral  pressure  of  100  lb.  for  each  vertical  lineal  f 
trestle  bent. 

32.  Temperature. — Stresses  due  to  a  variation  in  temperature  of  150  degrees  shall  b 
vided  for  (§81). 

33.  Centrifugal  Force  of  Train. — Structures  located  on  curves  shall  be  designed  U 
centrifugal  force  of  the  live  load  acting  at  the  top  of  the  rail.  The  centrifugal  force  shall  be 
lated  by  the  following  formula: 

C  =  {0.043  -  o,oo:^D)W'D 


where 


C  =*  centrifugal  force  in  lb. 
W  =  weight  of  train  in  lb. 
D  «=  degree  of  curvature. 


J4*  Xongftudlnal  Forces.— The  stresses  produced  In  the  bracing  of  the  trestle  lowers^  in  anv 
miMubci^  *>f  the  trusties,  ur  in  the  attachments  e^f  the  girders  or  trusses  to  their  bearings*  by  sud- 
denly stopping  the  maximum  electric  car  trains  on  any  part  of  the  work  must  be  provided  for* 
the  codBcient  of  friction  of  the  wheels  oii  the  rails  being  assumed  as  0.20, 

35.  All  parts  shall  be  so  designed  that  the  stresses  coming  upon  them  can  be  accuiately 
c^cuUted. 

PART    HI,     UNIT  STRESSES  AND   PROPORTION   OF    PARTS. 

36.  Unit  Stresses* — All  parts  of  the  structure  shall  be  proportioned  so  that  the  sum  of  the 
mAJiimum  stresses  shall  not  exceed  the  followinj^  amounts  in  lb.  per  sq.  in.,  except  as  modified 
by  Us  and  US, 

Impact^^The  dynamic  increment  of  the  live  load  stress  shall  be  added  to  the  maximuni  live 
load  stres^s  and  shall  be  determined  by  the  formula 

/  «  5  *  ioo/(L  -f  500) 

vhrrc  /  —  impact  increment  to  be  added  to  the  live  load  stresses; 

5  *  computed  live  load  stress; 

L  —  loaded  length  of  bridge  in  feet  producing  the  maNimum  stress  in  the  member. 
fmptict  shall  not  be  added  to  the  stresses  produced  by  longitudinal,  centrifugal  and  lateral  or 
•4od  forces. 

37.  Teasion. — ^Axial  tension  on  net  section * * * .  16,000 

^  Compression. — Axial  compression  on  gross  section. 1 6.000  —  yo'l/r 

wbrnr  length  of  member  in  inches  and  *V'  is  the  least  radius  of  g>Tation  in  inches. 

N'  -vi)n  member,  however,  shall  have  a  length  exceeding  lOQ  times  its  least  radius  of 

ptation  i  jf  aiAin  members  or  120  times  for  laterals  for  classes  A,  B.  C,  Ej,  Ej  and  E^:  or  125  times 
A  lent  radius  of  gfyration  for  main  members  or  150  times  for  laterals  for  classes  Di  and  D%. 

39.  Bending. — Bending:  on  extreme  fibers  of  rolled  shapes^  built  sections  and  girders; 

net  section ..*..,,...,.» 16,000 

on  extreme  fit>ers  of  pins,  ,,,.... 24.000 

40.  Shearing. — Shearing:  shop  driven  rivets  and  pins. 12,000 

fi<  "  '    '  '     II  rivets  and  turned  bolts. , 10.000 

[  r  webs;  gross  section .  .  .  . ,.,,,. , , . , ,  .  lo.ooo 

41.  Bciuiiig.     »^*  aring:  shop  driv^cn  rivets  and  pins *,,,,..  .24.iX)0 

field  driven  rivets  and  turned  bolts. , , 20.000 

granite  masonry  and  Portland  cement  concrete. .,....,..,.,      600 

sandstone  and  limesttme. .•.*»*.**•,      400 

expansion  rollers;  per  linear  inch, 6ood 

where  *'<i"  is  the  diameter  of  the  roller  in  inches. 

43.  Alternate  Stresses. — Members  fsubject  to  alternate  stresses  of  tension  and  compression 

■hat)  be  proportioned  for  the  stresses  giving  the  largest  section.     If  the  alternate  stresses  occur 

fn  TJirreasion  during  the  p>assagc  of  one  train,  as  in  stiff  counters,  each  stress  shall  be  increased  by 

'  tmt  of  the  smaller.     Ttie  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the 

^    dcs  Fastened  by  Both  Legs. — Angles  subject  to  direct  tension  must  be  connected 
or  the  section  of  one  le^  only  will  be  considered  as  effective. 

(♦-»,  i^ct  Sectioa. — In  raembers  subject  to  tensile  stresses  full  allow^ance  shall  be  made  for 
nAuedoa  of  section  by  rivet-holes,  screw-threads,  etc.  In  calculating  net  area  the  rivet  holes 
skill  \^  (jL,  n  -is  having  a  diameter  {  in.  greater  than  the  normal  size  of  rivet. 

I  :  -  r>an  Bridges.— For  long  span  bridges,  where  the  ratio  of  the  length  to  width  of 
it  make -ii  the  top  chords  acting  as  a  whole,  a  longer  column  than  the  segments  of 
Mord  shall  be  proportioned  for  the  greater  length, 

resses, — The  stresses  in  truss  members  or  trestle  posts  from  assumed  wind  forces 
1  except  as  follows: 

t  wind  stresses  per  square  inch  in  any  member  exceeds  25  per  cent  of  the 

■-''*  Vive  loads  in  the  same  member.    The  section  shall  then  be  increased 

nhall  not  exceed  by  more  than  25  per  cent  the  maximum  allowable 

atone  or  in  combination  with  a  possible  temperature  stress  can 
s  in  the  member. 

iral  stresses  due  to  wind  are  considered  50  |>er  cent  may  be  added 
Mid  live  loarls,  provided  the  area  thus  obtained  is  not  less  than 
I  tur:  ii^i  M(\  or  for  dead,  live  and  direct  wind  Iriads  designed  as  in  546. 

Cooibinr:  ►ers  subjected  to  direct  and  bending  stresses  shall  be  designed 

L    *•  t«*i  tlir  g?^»iir>i  luft-x  »ti^.'>h  sua  it  not  exceed  the  allowable  unit  stre.ss  on  the  member. 

^■^^^^^^ iMiiiii    Mil     \im  mm      ^  1  1     a 
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48.  Stress  Due  to  Weight  and  Eccentric  Loading. — If  the  fiber  stress  due  to  weight  and 
eccentric  loading  on  any  member  exceeds  10  per  cent  of  the  allowable  unit  stress  on  the  member 
such  excess  must  be  considered  in  proportioning  the  member.     See  §46. 

49.  Counters. — Counters  in  bridges  carrying  electric  cars  shall  be  designed  so  that  an  increase 
of  the  live  load  of  25  per  cent  will  not  increase  the  stress  in  the  counters  more  than  25  per  cent. 

50.  Design  of  Plate  Girders. — Plate  girders  shall  be  proportioned  either  by  the  moment  of 
inertia  of  their  net  section;  or  by  assuming  that  the  flanges  are  concentrated  at  their  centers  of 
gravity,  in  which  case  one-eighth  of  the  gross  section  of  the  web,  if  properly  spliced,  may  be  used 
as  flange  section.  The  thickness  of  web  plates  shall  be  not  less  than  1/160  of  the  unsupported 
distance  between  flange  angles.     See  §51. 

Compression  Flanges. — ^In  beams  and  plate  girders  the  compression  flanges  shall  have  the 
same  g^oss  section  as  the  tension  flanges.  Through  plate  girders  shall  have  their  top  flanges  stayed 
at  each  end  of  every  floorbcam,  or  in  case  of  solid  flpors,  at  distances  not  exceeding  12  ft.,  by  knee 
braces  or  gusset  plates. 

51.  Web  Plates. — ^The  webs  of  plate  girders  must  be  stiffened  at  intervals,  not  exceeding  the 
depth  of  the  girder  or  a  maximum  of  5  ft.,  wherever  the  shearing  stress  per  sq.  in.  exceeds  the 
stress  allowed  by  the  following  formula: 

Allowed  shearing  stress  =  12,500  —  ^ofl", 

where  H  =  ratio  of  depth  of  web  to  its  thickness;  but  no  web  platei  shall  be  less  than  A  in.  in 
thickness. 

52.  Stiffeners. — All  stiffencrs  must  be  capable  of  carrying  the  maximum  vertical  shear 
without  exceeding  the  allowed  unit  stress. 

P  =  16,000  —  7o//r 

where  r  =  radius  of  gyration  of  the  stiffeners  at  right  angles  to  the  web,  and  /  =  one-half  depth 
of  girder,  both  in  inches.  Each  stiffener  must  connect  to  the  webs  by  enough  rivets  to  transfer 
the  maximum  shear  to  or  from  the  webs. 

The  outstanding  legs  of  stiffeners  shall  not  be  less  than  one-thirtieth  of  the  depth  of  girder, 
plus  2  in. 

53.  Flange  Rivets. — The  flanges  of  plate  girders  shall  be  connected  to  the  web  with  a  sufficient 
number  of  rivets  to  transfer  the  total  shear  at  any  point  in  a  distance  equal  to  the  effective  depth 
of  the  girder  at  that  point  combined  with  any  load  that  is  applied  directly  on  the  flange.  The 
wheel  loads,  where  the  ties  rest  on  the  flanges,  shall  be  assumed  to  be  distnbuted  over  three  ties. 

54.  Depth  Ratios. — Trusses  shall  preferably  have  a  depth  of  not  less  than  one-tenth  of  the  • 
span.     Plate  girders  and  rolled  Ixiams,  used  as  girders,  shall  preferably  have  a  depth  of  not  leas 
than  one-twelfth  of  the  span.     If  shallower  trusses,  girders  or  beams  are  used,  the  section  shall  be 
increased  so  that  the  maximum  deflection  will  not  be  greater  than  if  the  above  limiting  ratios  had 
not  been  exceeded. 

55.  Rolled  Beams. — Rolled  beams  shall  be  designed  by  using  their  moments  of  inertia. 

PART   IV.     DETAILS  OF   DESIGN. 
(iENERAL  Requirements. 

56.  Open  Sections. — Structures  shall  be  so  designed  that  all  parts  will  be  accessible  for 
inspection,  cleaning  and  painting. 

57.  Water  Pockets. — Pockets  or  depressions  which  would  hold  water  shall  have  drain  holes, 
or  be  filled  with  waterproof  material. 

58.  Symmetrical  Sections. — Main  members  shall  be  so  designed  that  the  neutral  axis  will  be 
as  nearly  as  practicable  in  the  center  of  section,  and  the  neutral  axes  of  intersecting  main  members 
of  trusses  shall  meet  at  a  common  ix)int. 

59.  Counters. — Rigid  counters  are  preferred;  and  where  subject  to  reversal  of  stress  shall 

Ereferably  have  riveted  connections  to  the  chords.     Adjustable  counters  shall  have  open  turn- 
uckles. 

60.  Strength  of  Connections. — The  strength  of  connections  shall  be  sufficient  to  develop  the 
full  strength  of  the  member,  even  though  the  computed  stress  is  less,  the  kind  of  stress  to  which 
the  member  is  subjected  being  considered. 

61.  Minimum  Thickness. — The  minimum  thickness  of  metal  shall  be  -ft  in.  in  classes  A,  B, 
C,  El,  E2  and  Ej,  except  for  fillers;  and  }  in.  in  classes  Di  and  D2,  except  for  fillers.  The  minimum 
angle  shall  be  2  in.  X  2  in.  X  i  in.  The  minimum  rod  shall  have  an  area  of  at  least  i  sq.  in.,  ifl  ^ 
all  classes  except  Di  and  Dj,  which  shall  have  no  rods  less  than  J  in.  in  diameter. 

62.  Pitch  of  Rivets. — The  minimum  distance  between  centers  of  rivet  holes  shall  be  three 
diameters  of  the  rivet;  but  the  distance  shall  preferably  be  not  less  than  3  in.  for  f-in.  rivets, 
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^^BipstB.  and  2  in.  for  {<in.  rivets.  TUe  maximum  pitch  in  the  fine  of  atms  lor 
H^Bfe^  of  plates  and  shapes  shall  be  i6  times  the  thickness  of  the  thinnest  outside 
K.  ~  For  angles  with  two  gage  lines  and  rivets  staggered,  the  maximum  shall  be  twice 
pi  ♦•^ch  line.  Whcrtf  two  or  more  plates  are  used  in  contactt  rivets  not  more  than  12  in. 
|fl  lion  shall  be  used  to  hold  the  plates  well  together.     In  tension  members  com- 

tk  in  contact,  a  pitch  of  12  in.  will  be  allowed  for  riveting  the  angles  together 

^c  i>t3iiiiice,— The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
k  li  in.  for  1-in,  rivets,  I J  in,  for  J-in.  rivets,  and  ij  in.  for  l-\n,  rivets,  and  to  a  roHed 
m  and  i  in.,  respectively.  The  maximum  distance  from  any  edge  shall  be  eight  timcfl 
mm  of  the  plate,  but  shall  not  exceed  6  in, 

EiimuQi  Diameter* — The  diameter  of  the  rivets  in  any  angle  carrying  calculated  stress 
bred  one-quarter  the  width  of  the  leg  in  which  they  arc  dri\Tn.  In  minor  parts  j-in. 
Ibe  used  in  3-in.  angles.  i|-in.  rivets  in  2j-in.  angles,  and  f-ia.  rivets  in  a-in.  angles, 
kg  Rivets. — Rivets  carrying  calculated  stress  and  whose  grip  exceeds  four  diameters 
beasc^j  in  number  at  least  one  per  cent  for  each  atlditional  ^-in,  of  grip, 
Bcli  at  Ends,— The  pitch  of  rivets  at  the  ends  of  built  compression  mem l)ers  shall  not 
m  diameters  of  the  rivets,  for  a  length  equal  to  one  and  one-half  times  the  maximum 

^^hssion  Members.— In  compression  members  the  metal  shall  be  concentrated  as 

^^H|e  in  web^  anil  tianges.     The  thickness  of  each  web  shall  be  not  less  than  one- 

^^BliKtance  between  its  connections  to  the  flanges.     Cover  plates  shall  have  a  thickness 

^Hbe-fortieth  of  the  distance  Iwtween  rivet  lines, 

HBntim  Angles. — Flanges  of  girdera  and  built  members  without  cover  pbtes  shall 

KrnuiTi  tilii  kne'>s  of  one-twelfth  of  the  width  of  the  outstanding  leg, 

■|^  Plates. — The  open  sides  of  all  compression  members  shall  be  stayed  by  batten 

^HbkIs  and  diagonal  lattice-work  at  intermediate  points.     The  batten  plates  must  be 

HBIhe  ends  as  practicable,  and  shall  have  a  length  not  less  than  the  greatest  width  of 

V  or  I J  rimes  its  least  wilth. 

fctice  Bars* — ^The  latticing  of  compression  members  shall  be  proportioned  to  resist 

Sv  -  corresponding  to  the  allowance  for  flexure  for  uniform  load  provided  in  the 

p  •  tragraph  38  by  the  term  70 //r.     They  must  not  be  less  in  width  than  it  in, 

|p  r.  in    m  width,  i  J  in,  for  members  9  in.  in  width,  3  in.  for  members  }2  in.  in  width, 

kmlxTs  15  in.  in  width,  nor  !{  in.  for  members  18  in.  and  over  in  width.     Single  lattice 

bve  a  ihti  1'"-    -  "or  less  than  one-fortieth,  or  double  lattice  bars  connected  by  a  rivet 

pcction,  I  m  one-sixtieth  of  the  distance  between  the  rivets  connecting  them 

fcers,     Tl.  'C  inclined  at  an  angle  not  less  than  60''  to  the  axis  of  the  member  for 

Bn«.  n*»r  U-ss  than  45°  for  double  latticing  with  riveted  intersections. 

pciag  of  Lattice  Bars. — Lattice  bars  shall  be  so  spaced  that  the  portion  of  the  flange 

^^BKn  their  connection  shall  be  as  strong  as  the  member  as  a  whole.     The  pitch  of 

^^Hmust  not  exceed  the  width  of  the  channel  plus  nine  inches, 

^Ml  In  Flanges. — Five-eighths-inch  rivets  shall  be  used  for  latticing  flanges  less  than 

e  1-in.  for  flanges  from  2\  to  3J  in.  wide;  J-in.  rivets  shall  be  used  in  flanges  3}  in.  and 

^j^e  bars  with  two  rivets  shall  be  used  for  flanges  over  5  in.  wide. 

^^■JointS. — Abutting  joints  in  cc5mprcssir>n  members,  when  faced  for  bearing,  shall 

^^Kr  sides  sufficiently  to  hold  the  connecting  members  accurately  in  place.     All  other 

fctrri  work,  whether  in  tension  or  compression,  vshall  lie  fully  spliced* 

pt  Plates. — ^VVhere  necessar>%  pin-holes  shall  be  reinforced  by  plates,  some  of  which 

B^Utill  width  of  the  mcmlxir,  so  the  allowed  pressure  on  the  pins  shall  not  be  exceeded^ 

^^Hb»  shall  be  properly  distributed  over  the  full  cross-section  of  the  members.     These 

HBrs  must  contain  enough  rivets  to  transfer  their  proportion  of  the  bearing  pressure, 

P  oDc  plate  on  each  side  shall  e  tend  not  less  than  6  in.  beyond  the  edge  of  the  nearest 

p  asion  Members, — Riveted  tension  members  shall  have  an  eflfective  section 

k_^  ■-  25  per  cent  in  excess  of  the  net  section  of  the  member,  and  back  of  the  pin 

HMfitfU  of  the  net  station  through  the  pin-hole. 

^^Bptns  iihall  be  long  enough  to  insure  a  full  liearing  of  all  the  parts  connected  upon 
^^K  o(  the  pin.  The  diameter  of  the  pin  shall  not  be  less  than  |  of  the  thickness  of 
^^Hbcbrd  to  it,*  They  shall  be  secured  by  chambered  Lomas  nuts  or  be  provided 
I^F^ohd  nuts  are  used.     The  screw  ends  shall  be  long  enough  to  admit  of  burring  the 

■intr  wincra — McTiilii^r^  rv^r-l'r.f|  qu  pins  sHall  be  held  against  lateral  movement. 

pl  nnected  by  bolts,  the  turned  body  of  these  bolts  shall  be 

it  iL     A  washer  at  least  i  in,  thick  shall  be  used  under  the 

pDoiMiblir  bearing  ^^i  allowable  tensile 
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nut.     Bolts  shall  not  be  used  in  place  of  rivets  except  by  special  permission.     Heads  and  nuts  shafl 
be  hexagonal. 

79.  Indirect  Splices. — Where  splice  plates  are  not  in  direct  contact  with  the  parts  which 
they  connect,  rivets  shall  be  used  on  each  side  of  the  joint  in  excess  of  the  number  theoretically 
required  to  the  extent  of  one-third  of  the  number  for  each  intervening  plate. 

80.  Fillers. — Rivets  carrying  stress  and  passing  through  fillers  shall  be  increased  50  per  cent 
in  number;  and  the  excess  rivets,  when  possible,  shall  be  outside  of  the  connected  member. 

81.  Expansion. — Provision  for  expansion  to  the  extent  of  i  in.  for  each  10  ft.  shall  be  made 
for  all  bridge  structures.  Efficient  means  shall  be  provided  to  prevent  excessive  motion  at  any 
one  point  (I32). 

82.  Expansion  Bearings. — Spans  of  80  ft.  and  over  resting  on  masonry  shall  have  turned 
rollers  or  rockers  at  one  end ;  and  those  of  less  length  shall  be  arranged  to  slide  on  smooth  surfacetb 

83.  Fixed  Bearings. — Movable  bearings  shall  be  designed  to  permit  motion  in  one  directioB 
only.     Fixed  bearings  shall  be  firmly  anchored  to  the  masonry  (§87). 

84.  Rollers. — Expansion  rollers  shall  be  not  less  than  3  in.  in  diameter  for  spans  of  lOO  feet 
and  less,  and  shall  be  increased  i  in.  for  each  100  ft.  additional.  They  shall  be  coupled  together 
with  substantial  side  bars,  which  shall  be  so  arranged  that  the  rollers  can  be  readily  cleaned. 

85.  Bolsters. — Bolsters  or  shoes  shall  be  so  constructed  that  the  load  will  be  distributed  over 
the  entire  bearing. 

86.  Pedestals  and  Bed  Plates. — Pedestals  shall  be  made  of  riveted  plates  and  angles.  All 
bearing  surfaces  of  the  base  plates  and  vertical  webs  must  be  planed.  The  vertical  webs  must  be 
secured  to  the  base  by  angles  having  two  rows  of  rivets  in  the  vertical  legs.  No  baseplate  or  micb 
connecting  angle  shall  be  less  in  thickness  than  i  in.  The  vertical  webs  shall  be  of  sufficient  heigbt 
and  must  contain  material  and  rivets  enough  to  practically  distribute  the  loads  over  the  bearinp 
or  rollers. 

Where  the  size  of  the  pedestal  permits,  the  vertical  webs  must  be  rigidly  connected  tiam- 
vcrsely. 

87.  All  the  bed-plates  and  bearings  under  fixed  and  movable  ends  must  be  fox-bolted  to  the 
masonry;  for  trusses,  these  bolts  must  not  be  less  than  il  in.  diameter;  for  plate  and  other  girdefik 
not  less  than  i  in.  diameter. 

88.  Wall  Plates. — Wall  plates  may  be  cast  or  built  up;  and  shall  be  so  designed  as  to  distrib- 
ute the  load  uniformly  over  the  entire  bearing.     They  shall  be  secured  against  displacement 

89.  Anchorage. — Anchor  bolts  for  viaduct  towers  and  similar  structures  shall  be  lon^  enouKk 
to  engage  a  mass  of  masonry  the  weight  of  which  is  at  least  one  and  one-half  times  the  uplift  (fii)' 

90.  Inclined  Bearings. — Bridges  on  an  inclined  grade  without  pin  shoes  shall  have  the  sole 
plates  beveled  so  that  the  masonr>'  and  expansion  surifaces  may  be  level. 

91.  Camber. — Truss  spans  shall  be  given  a  camber  by  making  the  panel  length  of  the  top 
chords,  or  their  horizontal  projections,  longer  than  the  corresponding  panels  of  the  bottom  cb(vd 
in  the  proportion  of  A  in-  in  10  ft. 

92.  Eye-bars. — The  eye-l:)ars  composing  a  member  shall  be  so  arranged  that  adjacent  ban 
shall  not  have  their  surfaces  in  contact;  they  shall  be  as  nearly  parallel  to  the  axis  of  the  tnwas 
possible,  the  maximum  inclination  of  any  bar  being  limited  to  one  inch  in  16  ft. 

PART  V.     MATERIALS  AND   WORKMANSHIP. 

Material. 

93.  Process  of  Manufacture. — Steel  shall  be  made  by  the  open-hearth  process  and  Ad 
comply  with  the  standard  spt^cifirations  of  the  Am.  Ry.  Eng.  Assoc. 

(Sections  94  to  117  inclusive  cover  the  Am.  Ry.  Eng.  Assoc.  Specifications  for  steel,  i* 
specifications  for  railroad  bridges,  Chapter  IV.)  ^  . 

118.  Timber. — The  timlKT  shall  he  strictly  first-class  spruce,  white  pine,  Douglas  fir,  Southert   ^ 
yellow  pine,  or  white  oak  bridge  timber:  sawed  true  and  out  of  wind,  full  size,  free  from  wi»  J 
shakes,  large  or  loose  knots,  decayed  or  sapwood,  wormholes  or  other  defects  impairing  its  strength 
or  durability. 

Workmanship. 

119.  General. — All  parts  forming  a  structure  shall  be  built  in  accordance  with  SLppt<f^\ 
drawings.  The  workmanship  and  finish  shall  be  equal  to  the  best  practice  in  modem  bri^^ 
works. 

120.  Straightening  Material. — Material  shall  be  thoroughly  straightened  in  the  shop, 
methods  that  will  not  injure  it,  before  being  laid  off  or  worked  in  any  way. 

121.  Finish. — Shearing  shall  be  neatly  and  accurately  done  and  all  portions  of  the  •* 
exposed  to  view  neatly  finished. 

122.  Size  of  Rivets. — ^The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  Of 
the  actual  size  of  the  cold  rivet  before  heating. 
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Rivet  Holes* — When  general  reaming  is  not  required  the  diameter  of  the  punch  shall 
than  iV  »n-  greater  than  the  diameter  of  the  rivet;  nor  the  diameter  of  the  die  more  than 
than  the  diameter  of  the  punch*  Material  more  than  j  in.  thick  shall  be  sub-punched 
or  drilled  from  the  solid. 

All  punching  shall  be  accurately  done,     Eh-ifting  to  enlarge  unfair  boles 
not  be  allowed.     If  the  holes  must  be  enlarged  to  admit  the  rivets  they  shall  be  reamed, 
atching  of  holes  will  be  cause  for  rejection. 

5,  Sub-punching  and  Reaming. — Where  reaming  is  required,  the  punch  used  shall  have  a 
:er  not  less  than  ^V  i^*  smaller  than  the  nominal  diameter  of  the  rivet.  Holes  shall  then  be 
'  to  a  diameter  not  more  than  1^  in,  larger  than  the  nominal  diameter  of  the  rivet.  All 
_  shall  be  done  with  twist  drills,     (§140.)  ^  . 

i2&  Reaming  After  Assembling. — When  general  reaming  is  required  it  shall  be  done  after 
le  pieces  forming  one  built  member  arc  assembled  and  firmly  bolted  together.  If  nccessar>^  to 
ike  Uipc  pieces  apart  for  shipping  and  handling,  the  rcspecrive  pieces  reamed  together  shall  be 
I  marked  that  they  may  lie  reassembled  in  the  same  position  in  the  final  setting  up.  No  inter- 
of  reamed  parts  will  be  allowed. 

7.  Edge  Planing. — Sheared  edges  or  ends  shall,  when  nequired,  be  planed  at  least  1  in. 
Burrs.— ^The  outside  burrs  on  reamed  holes  shall  be  removed. 

Assembling. — Riveted  members  shall  have  all  parts  well  pinned  up  and  firmly  drawn 
T  with  b^lts,  before  riveting  is  commenced.     Contact  surfaces  to  be  painted. 

Lattice  Bars. — Lattice  bars  shall  have  neatly  rounded  ends,  unless  otherwise  called  for. 
I.  Web  Stiffeners. — Stiffeners  shall  fit  neatly  between  flanges  of  girders.     VV'here  tight 
called  for,  the  ends  of  the  stiflfeners  shall  be  faced  and  shall  be  brought  to  a  true  contact 
with  the  flange  anglers. 

.  Splice  Plates  and  Fillers. — Web  splice  plates  and  fillers  under  stiffeners  shall  be  cut  to 
in  1  in   of  flange  angles. 

Web  Plates, — Web  plates  of  girders,  which  have  no  cover  plates,  shall  be  flush  with 
of  angles  or  project  above  the  same  not  more  than  §  in.,  unless  otherwise  called  for. 
plates  are  spliced,  not  more  than  J  in.  clearance  between  ends  of  plates  will  be  allowed. 
134.  C^imection  Angles* — Connection  angles  for  floorbeams  and   stringers  shall  be  flush 
Mh  each  other  and  correct  as  to  position  and  length  of  girder.     In  case  milling  (of  all  sueh  angles) 
nied  or  is  required  after  riveting,  the  removal  of  more  than  ^  in.  from  their  thickness  will  be 
p  lor  re^iKriion, 

1^^.  Rifets.^ Rivets   shall    be   driven    by   pressure   tools   wherever   possible*     Pneumatic 
|ninier»  shall  be  used  in  preference  to  hand  driving. 

116.  RivetKQ^. — Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape,  full  and 
'  «qtiitl  sije-  They  shall  be  central  on  shank  and  grip  the  assembled  pieces  firmly,  Rerupping 
idoilkiltg  will  not  be  allowed.  Loose,  burned  or  otherwise  defective  ri%'ets  shall  be  cut  out  and 
HAaiaed.  In  cutting  out  rivets,  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If 
thry  shall  be  drilled  out. 

led  Bolts.^-Wherever  bolts  are  used  in  place  of  rivets  which  transmit  shear,  the 
reamed  parallel  and  the  bolts  turned  to  a  driving  fit.  A  washer  not  less  than  }  in. 
used  under  nut, 

ibers  to  be  Straight.- — The  several  pieces  forming  one  built  memlier  shall  be  straight 

t<:>gether,  and  finished  members  shall  be  free  from  twists,  bends  or  open  joints. 

sh  of  Joints.— Abutting  joints  shall  be  cut  ^tr  dressed  true  and  straight  and  fitted 

especially  where  open  to  view.     In  compression  joints,  depending  on  contact 

*  iccs  shall  be  truly  faced,  so  as  to  have  even  hearings  after  they  are  riveted  up 

rn  perfectly  aligned. 
r-^nnections. — Holes  for  floorbeam  and  stringer  connections  shall  be  sub- punched 
ng  to  paragraph   US,  to  a  steel  templet  one  inch  thick,     (If  required*  all 

,i ..  Jiis,  except  those  for  laterals  and  sway  bracing,  shall  be  assembled  in  the  shop 

'^^~  boles  reamed;  and  when  so  reamed^  the  pieces  shall  be  match-marked  before  being 

f  #-bars, — Eyc-bar«i  shall  be  straight  and  true  to  size,  and  shall  be  free  from  twists,  folds 

hr;»d,  "ir  any  other  defect.     Heads  shall  be  made  by  upsetting,  rolling  or  forging. 

^ved.     The  form  of  heads  will  be  determined  by  the  dies  in  use  at  the 

-.  are  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer  shall 

<'ak  in  the  body  when  tested  to  rupture.     The  thickness  of  head  and 

than  T^  in.  from  that  specified. 

-s.— Bcfnrc  boring,  each  eye-bar  shall  be  properly  annealed  and  care- 

-hall  be  in  the  center  line  of  bars  and  m  the  center  of  heads.     Bars 

•red  so  accurately  that,  when  placed  toj^ether*  pins  A  in.  smaller  in 

4-hoIes  can  be  passed  through  the  holes  at  both  ends  of  the  bars  at  the  same 
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143.  Pin-Holes. — Pin-holes  shall  be  bored  true  to  gages,  smooth  and  straight;  at  right  angla 
to  the  axis  of  the  member  and  parallel  to  each  other,  unless  otherwise  called  for.  The  boring  soaB 
be  done  after  the  member  is  riveted  up. 

144.  Variation  in  Pin-Holes. — The  distance  center  to  center  of  pin-holes  shall  be  correct 
within  ^  in.,  and  the  diameter  of  the  holes  not  more  than  ^  in.  larger  than  that  of  the  pin,  for 

•  pins  up  to  5-in.  diameter,  and  A  in.  for  larger  pins. 

145.  IHns  and  Rollers. — Pins  and  rollers  shall  be  accurately  turned  to  gages  and  shall  be 
straight  and  smooth  and  entirely  free  from  flaws. 

146.  Screw  Threads. — Screw  threads  shall  make  tight  fits  in  the  nuts  and  shall  be  U.  S 
standard,  except  above  the  diameter  of  if  in.,  when  they  shall  be  made  with  six  threads  per  incb. 

147.  Annealing. — Steel,  except  in  minor  details,  which  has  been  partially  heated,  shall  be 
properly  annealed. 

148.  Steel  Castings. — All  steel  castings  shall  be  annealed. 

149.  Welds. — Welds  in  steel  >\411  not  be  allowed. 

150.  Bed  Plates. — Expansion  bed  plates  shall  be  planed  true  and  smooth.  Cast  wall  pbtei 
shall  be  planed  top  and  bottom.  The  cut  of  the  planing  tool  shall  correspond  with  the  directiai 
of  expansion. 

151.  Pilot  Nuts. — Pilot  and  driving  nuts  shall  be  furnished  for  each  size  of  pin,  in  oidi 
numbers  as  may  be  ordered. 

152.  Field  Rivets. — Field  rivets  shall  be  furnished  to  the  amount  of  15  per  cent  plus  ten 
rivets  in  excess  of  the  nominal  number  required  for  each  size. 

153.  Shipping  Details. — Pins,  nuts,  bolts,  rivets  and  other  small  details  shall  be  boxed  or 
crated. 

154.  Weight. — ^The  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  figures. 

155.  Fini^ed  Weight. — Payment  for  pound  price  contracts  shall  be  by  scale  weight.  No 
allowance  over  2  per  cent  of  the  total  weight  of  the  structure  as  computed  from  the  plans  will  be 
allowed  for  excess  weight. 

SHOP  PAINTING. 

156.  Cleaning. — Steel  work,  before  leaving  the  shop,  shall  be  thoroughly  cleaned  and  pm 
one  good  coating  of  pure  linseed  oil,  or  such  paint  as  may  be  called  for,  well  worked  into  all  jointi 
and  open  spaces. 

157.  Contact  Surfaces. — In  riveted  work,  the  surfaces  coming  in  contact  shall  each  be  painted 
before  being  riveted  together. 

158.  Inaccessible  Surfaces. — Pieces  and  parts  which  are  not  accessible  for  painting  after 
erection,  including  tops  of  stringers,  eye-bar  heads,  ends  of  p>osts  and  chords,  etc.,  shall  have  a 
good  coat  of  paint  before  leaving  the  shop. 

159.  Condition  of  Surfaces. — Painting  shall  be  done  only  when  the  surface  of  the  metal  b 
perfectly  dry.     It  shall  not  be  done  in  wet  or  freezing  weather,  unless  protected  under  cover. 

160.  Machine-finished  Surfaces. — Machine-finished  surfaces  shall  be  coated  with  white 
lead  and  tallow  before  shipment  or  before  being  put  out  into  the  open  air. 

INSPECTION  AND  TESTING  AT  THE  SHOP  AND  MILL. 

161.  Facilities  for  Shop  Inspection. — The  manufacturer  shall  furnish  all  facilities  for  inspectiflf 
and  testing  the  weight  and  quality  of  workmanship  at  the  shop  where  material  is  manufacttuei 
He  shall  furnish  a  suitable  testing  machine  for  testing  full-sized  members,  if  required. 

162.  Starting  Work  in  Shop. — The  purchaser  shall  be  notified  well  in  advance  of  the  rtMj 
of  the  work  in  the  shop,  in  order  that  he  may  have  an  inspector  on  hand  to  inspect  material  aw 
workmanship. 

163.  Copies  of  Mill  Orders. — ^Thc  purchaser  shall  be  furnished  complete  copies  of  mill  ordeflb 
and  no  material  shall  be  rolled,  nor  work  done,  before  the  purchaser  has  been  notified  where  the, 
orders  have  been  placed,  so  that  he  may  arrange  for  the  inspection.  ^    ^ 

164.  Facilities  for  Mill  Inspection. — The  manufacturer  shall  furnish  all  facilities  for  inspectii| 
and  testing  the  weight  and  quality  of  all  material  at  the  mill  where  it  is  manufactured.  He  dai 
furnish  a  suitable  testing  machine  for  testing  the  specimens,  as  well  as  prepare  the  pieces  for  tit 
machine,  free  of  cost. 

165.  Access  to  Mills. — When  an  inspector  is  furnished  by  the  purchaser  to  inspect  materir 
at  the  mills,  he  shall  have  full  access,  at  all  times,  to  all  parts  of  mills  where  material  to  be  inspectr 
by  him  is  being  manufactured. 

166.  Access  to  Shop. — When  an  inspector  is  furnished  by  the  purchaser,  he  shall  have  ft 
access,  at  all  times,  to  all  parts  of  the  shop  where  material  under  his  inspection  b  being  matt 
factured. 
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ag  Material  or  Work. — The  inspector  shall  stamp  each  piece  accepted  with  a 

\ny  piece  not  so  marked  may  be  rejected  at  any  time,  and  at  any  stage  uf  the 

tor,  through  an  oversight  or  otherwise,  has  accepted  material  or  work  which 

iry  to  the  specifications,  this  material,  no  matter  in  what  stage  of  completion^ 

I  »';,  (he  purchaser, 

I  Plans, — The  purchaser  shall  be  furnished  complete  shop  plans  (J15), 
_^g  Invoices. — Complete  copies  of  shipping  invoices  ahall  be  furnished  to  the 
itb  each  shipment. 

FULL-SIZED  TESTS. 

to  Prove  Workmanship.— Full- sized  tests  on  eye-bare  and  similar  members^  to 
workmanship,  shall  be  made  at  the  manufacturer's  expense,  and  shall  be  paid  for  by 
■  at  contract  price,  if  the  te^ats  are  satisfactory.     If  the  tests  are  not  satisfactory »  the 
ented  by  them  will  be  rejected. 

Tests. — !n  eye-bar  tests,  the  fracture  shall  be  silky,  the  elongation  in  lo  ft., 
acture,  shall  be  not  less  than  15  per  cent;  and  the  ultimate  strength  and  true 
:  shall  be  recorded  (§141)* 

ERECTION. 

t  the  contmctor  erects  the  bridge  he  shall,  untess  otherwise  specified,  furnish  all  staging 
frk,  erect  and  adjust  all  metal  work,  and  shall  frame  and  put  in  place  all  floor  timbere, 
crs,  trestle  timbers,  etc,  complete  ready  for  traffic. 

}ie  contractor  shall  put  in  place  all  stone  bohs  and  anchors  for  attaching  the  steel 
I  masonr>'.     He  shall  drill  all  the  necessary  hults  in  the  masonry,  and  set  aU  bolts  with 
1  cement- 
erection  will  alsr>  include  all  necessar>*  hauling  from  the  railroad  station,  the  un* 
ateriab  and  their  proper  care  until  the  erection  is  completed, 
ever  new  structures  are  to  replace  existing  ones,  the  latter  are  to  be  carefully  taken 
ved  by  the  contractor  to  some  place  where  the  material  can  be  hauled  away. 
;  contrairtor  shall  90  conduct  his  work  as  not  to  interfere  with  traflFic,  interfere  with 
[jDllier  contractors,  or  close  any  thoroughfare  on  land  or  water. 

DRtractor  shall  a*?sume  all  risks  of  accidents  and  damages  to  persons  and  properties 
_  epcance  of  the  work. 
;  contractor  must  remove  all  falsework,  piling  and  other  obstructions  or  unstKhtly 
luocd  by  his  operations. 


PAINTING  AFTER  ERECTION. 

fter  the  bridge  is  erected  the  metal  work  shall  be  thoroughly  cleaned  of  mud,  grease 
UteriaK  then  thoroughly  and  evenly  jxiintcd  with  two  coats  of  paint  of  the  kind  specified 
lUccr.  mixe<i  with  hnseed  oil.  All  recesses  which  may  retain  water,  or  through  which 
liter,  must  be  filled  with  thick  paint  or  some  waterproof  cement  before  the  final  painting. 
lit  coats  of  j>aint  must  be  of  distinctly  different  shades  or  colors,  and  one  coat  must 
I  dr>'  thiirnughly  before  the  second  crjat  is  applied.  .Ml  painting  shall  be  done  with 
'  t  quality  obtainable  on  the  market.  The  paint  shall  l>e  delivered  on  the 
r's  original  fiackages  and  is  subject  to  inspection.  If  tests  made  by  the 
tJaint  is  adulterated,  the  paint  will  be  rejected  and  the  contractor  shall 
-ses,  and  shall  scrape  off  and  thoroughly  clean  and  rcpaint  all  material 
:  h  the  condemned  paint.  The  paint  shall  not  be  thinned  with  anything 
^coid  weather  the  paint  may  be  thinned  by  heating  under  the  direction  of  the 
turpentine  nor  benzine  shall  be  allowed  on  the  work,  except  by  the  permission  of 
Bel  in  such  quantity  as  he  shall  allow.  The  inspector  shall  be  notified  when  any 
•  done  by  the  contractor,  and  no  painting  shall  be  done  until  the  insp<^ctor  has 
facI^  to  which  the  paint  is  to  be  applied.  Paint  shall  not  be  applied  out  of  dmirs 
Y,  or  misty  weather,  and  all  surfaces  to  which  paint  is  to  l»e  applied  shall  be  dry, 
In  ctiolweather  the  paint  may  l>e  thinned  by  heating,  and  this  may  be  required 

SJfCBS* — For  the  calculation  of  stresses  in  bridge  trusses  and  plate  girders,  for 
liige^f  for  the  design  of  bridge  details,  and  for  additional  examples  of  highway 
t  tlie  ay  thorns  *'  The  Design  of  Highway  Bridges." 


CHAPTER  IV. 
Steel  Railway  Bridges. 

TYPES  OF  STEEL  BRIDGES.— The  ftame  types  of  trusses  are  used  for  railway  as  for  high- 
Fig.  4,  Chapter  IlL  Beam  bridges  are  used  for  short  spans,  and  plate  girders  up  to 
ut  125  ft.  RivetetJ  truss  spans  arc  used  for  spans  of  lOO  ft.  and  upwards.  Pin-con- 
tctctl  trus8  spans  are  stilt  used  for  long  span  bridges  and  by  a  few  railroads  for  spans  of  150  ft* 
lid  upwards.  Many  railroads  are  building  riveted  trusses  for  spans  of  more  than  200  ft*,  and 
%-ftcd  trusft  spans  of  300  ft.  are  not  uncommon.  The  new  terminal  bridge  over  the  Missouri 
ivcr  at  Kansas  City,  Mo.,  has  riveted  trus.«M:*s  with  a  ^yan  of  425  fi.  6j  in.  The  Norfolk  &  West- 
rti  R.  R,  has  constructed  a  double  track  bridge  over  thf  Ohio  River  with  a  span  of  520  ft,,  which 
\  riveted  with  the  exception  of  four  bottom  chord  panel  poims,  which  have  pin  joints.  The 
^Ttirth^  :ind  types  of  railway  bridges  as  used  by  different  railroads  are  given  in  Table  XII  in  the 
t  his  chapter.     The  longest  simple  truss  span  is  668  ft.  and  is  in  the  Municipal  Bridge 

t'      ' '  -ippi  River  at  St.  Louis,  Mo,     The  maximum  practical  length  of  simple  span  truss 

Ic  o{  carl>on  steel  is  about  550  feet;  while  with  nickel  steel  it  is  practical  to  build  simple 
up  to  750  feet  and  economical  to  build  simple  truss  spans  up  to  700  feet.     The  pro- 
Metr<jp<jlis  Bridge  over  the  Ohio  River  will  he  a  double  track  simple  truss  bridge  with  a  1 
7*0  feet. 
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Railway  Steel  Trestle. 
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TABLE  I. 

Data  on  Railroad  Bridcss  Desigked  Under  Common  Standard  (Harriman  Lip 

Specifications  C.  S.  1006. 


SiNGLB  Track  Bridgbs. 

DoiTBLB  Track  Bridgbs. 

Distance 

Distance 

Length 

Center  to 

Dist.  C.  to  C.  of 

"o  3 

Total 

Length 

Center  to 

Dist.  C.  to  C.  of 

"05 

. 

of 

Center  of 

Chords  or  B.  to 

Weight, 
Lb. 

Center  of 

Chords  or  B.  to 

y 

S^ 

Trusses  or 
Girders, 

B.  of  Angles. 
Ft.-In. 

^l 

"gr 

Trusses  or 
Girdera, 

B.  of  Angles, 
Ft.-In. 

^l 

Ft.-In. 

Ft.-In. 

Through  Plate  Girders 

Through  Plate  Girders 

30 

13-6 

4-  0 

3 

27,500 

50 

29-^ 

8-Oir 

4 

I. 

40 

iS-6 

5-  0 

4 

41,900 

60 

29-6 

9-0 

5 

I 

50 

15-6 

5-8 

5 

56,600 

70 

29-6 

9-6: 

6 

2 

60 

16-0 

6-4 

6 

79,600 

80 

30^ 

lO-O 

7 

2 

70 

16-6 

7-  0 

7 

105,100 

90 

30-0 

10-6 

8 

3 

80 

i6-6 

8-  0 

8 

132,300 

90 

16^6 

8-  6 

9 

161,350 

too 

16-6 

9-  0 

10 

198,500 

Deck  Plate  Girder      | 

Through  Rivet  Span 

20 

7-0 

I-  8 

3 

12,800 

100 

30^ 

30-0 

4 

3' 

30 

7-0 

4-0 

4 

14,900 

no 

30-6 

30-0 

4 

4 

40 

7-0 

4-iii 

8 

23,800 

125 

30-6 

31-0 

5 

4 

SO 

7-0 

S-ii 

8 

34,300 

140 

.... 

60 

7-0 

6-5 

10 

47,500 

70 

8-0 

8-3 

10 

68,000 

80 

8-0 

8-  8 

10 

87,800 

90 

9-0 

9-  I 

12 

113,200 

100 

9-0 

9-  3i 

12 

137,800 

Through  Rivet  Span 

Through  Pin  Span 

100 

16-6 

29-  0 

4 

165,000 

150 

30-6 

33-0 

6 

6 

no 

16HS 

29-  0 

4 

185,000 

160 

.... 

. 

125 

16-6 

30-  0 

5 

220,000 

180 

.... 

.... 

140 

17-0 

31-  0 

6 

273,000 

200 

30-6 

40-0 

7 

9 

150 

17-0 

31-  0 

6 

311,000 

Through  Pin  Span 

150 

17-0 

31-0 

6 

304,000 

160 

17-0 

32-  0 

6 

348,000 

180 

17-0 

33-0 

7 

417,000 

200 

17-0 

32-&  38 

7 

485,000 

WEIGHTS  OF   RAILWAY   BRIDGES. 

:  sketch  of  a  truss  railway  bridge  is  shown  in  Fig.  i.  The  names  of  the  different 
ifD  on  the  diagram.  The  floor  may  be  carried  on  two  or  more  stringers.  Two 
aroonly  used  for  an  open  timber  floor  and  two  or  four  stringers  for  a  ballasted  floor, 
'  Heel  trestle  is  shown  in  Fig.  2.  Steel  trestles  arc  commonly  built  with  the  intcr- 
t9f%m  equal  to  twice  the  tower  spans;  60  feet  and  50  feet,  and  80  feet  and  40  feet  being 
t  lengths  of  span. 
iog,  movable,  cantilever  and  suspension  bridges  will  not  be  considered  in  this  chapter. 
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Fig.  4.    Weight  of  Single  Track  Riveted 

Deck  Truss  Spans.    CwrcAGo,  Mil- 
waukee &  St.  Paul  Ry. 


^HTS  OF  RAILWAY  BRIDGES.— The  weights  of  railway  bridges  vary  with  the 
tficAtiona,  the  span,  the  width,  the  type  of  floor,  and  uHth  the  design.  The  weights 
iiral  steel  in  single  track  bridges  of  different  types  as  designed  and  built  by  the 
okce  &  St,  Paul  Ry,  are  given  in  Fig.  3  to  Fig.  lo,  inclusive. 
of  single  track  plate  girder  spans  as  designed  and  built  by  the  Illinois  Central  Rail- 
gfveti  in  Fig.  1 1,  Fig.  12  and  Fig.  13;  weights  of  single  track  through  bridges  are  given  in 
I4»  wdsfitu  ol  fri^nal  bridges  are  given  in  Fig.  15,  and  weights  of  single  track  drrfW  spans  are 
b  in  FIk.  11^-  and  other  data  for  railway  bridges  designed  by  the  Harriman  Lines, 

fcf  ^CoAinof)  :  I  Specification  1006"  (approximately  equal  to  Cooper's  E  55),  are  given 

liblel. 

Weights  of  singfe  track  ste?el  viaducts  as  designed  by  the  McClintic-Marshall  Constructioii 
iwr  ptm  in  Rg.  17* 
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For  the  relative  weights  of  railway  bridges  built  of  carbon  and  of  fiickel  steel,  sec  papf 
entitled  **  Nickel  Steel  for  Bridges/*  by  Mr  J.  A.  L.  WaddcU,  M.  Am.  Soc.  C.  E.,  printed  in  Traa 
Am.  Soc»  C.  E,,  Vol;  63»  1909. 
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Stringers).     Chicago,  Milwaukek 

&  St.  Paltl  Ry. 
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Fig.  6.    Weight  of  Through  Plate  G«i«i 

Spans.    Type  C3  {Flanges  of  2  Asats 

AND  Cover  Plates,  Shallow  Floor, 

4  Stringers).     Chicago,  Ala- 

waukee  &  St.  Paul  Ry. 


LOADS. — The  dead  load  of  a  railway  bridge  is  assumed  to  act  at  the  joints  the  same  win 
highway  bridge.     The  dead  joint  loads  are  commonly  assumed  to  act  on  the  loaded  chord,  bfi( 
may  he  assumed  as  div^idcd  between  the  panel  points  of  the  two  chords,  one-third  and  twcvihirfll 
of  the  dead  loads  usually  being  assumed  as  acting  at  the  panel  p<nnts  of  thq  unloaded  and  th* 
loaded  chords,  respectively,  see  discussion  of  specifications  in  the  last  part  of  this  chapter. 

The  live  load  on  a  railway  bridge  consists  of  wheel  loads,  the  weights  and  spacing  of  til 
wheels  dcfjenriing  upon  the  type  of  the  rolling  stock  used.  The  locomotives  and  cars  dlffci 
much  that  it  would  be  difficult  if  not  impossible  to  design  the  bridges  on  any  railway  system  fo< 
the  actual  conditions,  and  conventional  systems  of  loading,  which  approximate  the  actual  c 
ditions,  are  assumed.  The  conventional  systems  for  calculating  the  live  load  stresses  in  ninwad 
bridges  that  have  been  most  favorably  received  are:  (i)  Cooper's  Conventional  System  of  \^nw 
Concentrations;  (2)  the  use  of  an  Equivalent  Uniform  Load;  and  (3)  the  use  of  a  uniform  1< 
and  one  or  two  wheel  concentrations.  In  addition  to  these  some  railroads  specify  special  eogi«^ 
loadings.     The  three  methods  will  be  briefly  described. 


m^M 
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Dtioxud  System  of  Wheel  Concentratiems. — In  Cooper*8  loadings  two  con* 
lives  are  followed  by  a  uniformly  distributed  train  load.     The  typical  I'^ading 
E40,  E45,  £50,  E  55  and  E  60,  are  shown  in  Fig.  18.     The  loads  on  the 
i  of  pounds  and  the  uniform  train  load  in  hundreds  of  pounds  are  the  same  as 
The  wheel  spacings  are  the  same  for  all  classes.     The  stresses  for  Cooper's 
I  for  one  class  may  be  used  to  obtain  the  stresses  due  to  any  other  class  loading, 
^live  load  sttesses  in  any  truss  due  to  Cooper's  Class  E  60  are  equal  to  |  of  the 
^  truss  due  to  Class  E  40  loading.     The  E  50,  E  55  and  E  60  loadings  arc  those 
railways  in  the  United  States.     In  bridges  designed  for  Clahs  E  40  loading 
or  system  must  in  addition  be  designed  for  two  moving  loads  of  kxj.ooo  ll>.  each, 
part  on  each  track.     The  special  loads  for  Class  E  50  are  120,000  lb.  with  the  same 


::;:|=::: 

:::]|:::: 

. .  _  jTi.  ^. . . 

I'if'pv'i;; 

ftrt 

■:'m 

lif ._ 

Siiil 

.  ^^  —  ^ 

..  _ . 

::::::::ji 

■  ■  :■ 

f-  =  ip 

;■  " 

iii: 

.... 

ttt: 

in  ?:|i: 

^k 

^ 

'^•''1^ 

tftf 

Sf 

mmt 

""ESS  Loacfing' 
^E50      ' 

m   . 

/Cur 

ve  £S5 

mo  40  50  60  70  60  90 100 
5pan  in  Feet, 

tGBT    OP     SrNGLE     TRACK     DeCK 

:ieSpJiNs,    Open  Timber  Floor. 
[^^NG£s  OF  6  Angles  with- 
^nLATSS).    Chicago,  Mil- 
RSe  &  St.  Pa  in.  Ry. 


130 

120 
110 
^100 


I 


I 

I 


00 
80 
70 
00 
50 
40 
30 
20 
10 


:: 

[tM 

- 

f-^ 

f^it 

1^ 

:S;^;| 

^ 

mk 

'3. 

\w\\x*i\iVA 

::: 

f:|rj:||[| 

:;.;::::x:l 

„,j. . . 

2:3:  :i 

5i=5i 

■I 

ilidflt 

illlil 

;; :; : 

=i!!:;:i;  .; 

i.l  f^ 

.ar\^e  r. 

". 

to  30  40  50  00  70  60  90 100 
Span  m  FeeL 

Fig,  8.    Weight    of   Single  Track   Dbck 

Plate  Girder  Spans.    Tim  her  Ballast 

Floor.    Type  A4  (Flanges  of  6  Angles 

without  Cover  Plates).    Chicago, 

MrLWAUKBE  &  St.  Paul  Ry. 


ncrican  Railway  Engineering  Association  has  adopted  Cooper's  loadings,  except 

|(xid&  are  spaced  7  ft.     The  live  loads  used  by  several  prominent  railroads  are 

.     The  heaviest  locomotives  in  use  on  American  railroads  as  given  in  Bulletin 

igi5,  of  the  Am,  Ry,  Eng.Assoc,,  by  Mr,  J.  E.  Grtincr,  Consulting  Engineefi 

W.     The  maximum  stresses  in  terms  of  the  maximum  stresses  for  E  50  loading 

100  ft,  and  ro  ft,  are  given  in  the  last  two  columns.     The  ratios  for  sj>ans 

I-  are  less  than  for  those  given.     The  larger  ratio  is  for  short  spans  so  that  by 

ctAl  concentrated  loads  a  bridge  designed  for  an  E  50  loading  will  safely  carry 

\  now  in  use. 
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TABLE  II. 
Heaviest  Locomotives  and  Relative  Stresses  Produced  for  Spans  of  io  ft.  to  too  ft. 


Class. 


Esot.. 

Atlantic 

Prairie 

Consolidation 

12  Wheel. w 

Decapod  

Pacific 

Mikado 

12  Wheel  Articulated t  . 

10  Coupled 

20  Wheel  Articulated!  . 
16  Wheel  Articulated t  . 
24  Wheel  Articulated t  . 
12  Wheel  Electric  Motor 
16  Wheel  Electric  Motor 


Engine  Alone. 


Weight  in 
1. 000  Lb. 


214.8 
2447 
260.1 
262.0 
267.0 
270.0 
305.0 

3345 
361.0 
478.0 
493.0 
616.0 

3004 
320.0 


Wheel 
Base,  Ft. 


23.00 
3079 
34.25 
26.50 
27.08 
29.83 
35.20 
35.00 
30.66 

43-50 
59.80 
40.17 
65.92 
3850 
44.22 


Propor- 
tional 
Weight. 


1. 00 

.96 

1.09 

1. 16 

1. 17 
1. 19 
1.20 
1.36 
1.49 
1.60 
2.12 
2.19 
2.74 
1.33 
1.42 


Double  Header.* 


Weight  in 
1. 000  Lb. 


710.0 
728.4 
807.S 
860.4 

817.4 
802.0 
865.4 
960.0 
473.8 
1,074.0 
703.6 
588.0 
841.6 
600.8 
640.0 


Wheel 
Base,  Ft. 


104.0 

127.76 

132.92 

131.81 

130.IS 

127.00 

142.48 

150.00 

64.56 
161.00 

99.70 

82.58 
105.82 

86.50 
102.84 


Weight 
per  Ft..  Lb. 


6,830 
Si700 
6,070 
6,520 
6,280 
6,320 
6,070 
6,400 

6,670 
7,060 
7,130 
7,950 
6,950 
6,220 


Proportioosl 
Stress. 


Fron 


1. 00 
0.83 
0.88 
0.99 
1. 00 
0.96 
0.93 
1.02 
0.98 

1. 00 

1. 01 
1.26 
1. 15 
0.83 
0.84 


To 


LOO 
MS 
1.03 
I.I4 
I.I4 
1.07 


.08 
16 

I 

14 
34 

.   33 
!o.98 

io.95 


*  Weight  and  wheel  base  for  articulated  engines  are  given  for  one  engine  and  tender. 
t  Given  for  comparison. 
X  Mallet  Type. 
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Illinois  Centil^l  Railroad. 
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Fig*  16.     Weights  of  Single  Track  Draw  Spans. 
Illinois  Central  Railroad. 
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Fig.  i8.    Cooper's  Conventiokal  Engine  Loadings. 
(Loads  for  one  track,) 

t  Uniform  Laad  System. ^The  equivalent  uniform  load  for  calculating  the  stresses 

the  beuding  moments  in  beams,  is  the  uniform  load  that  will  protluce  the  same 

dmu  moment  at  the  quarter  points  of  the  truss  or  beam  as  the  maximum  l>ending  moment 

y  the  wheel  concentrations.     The  equivalent  uniform  loadings  for  different  spans  for 

E40  |t>4iding  are  gi^cn  in  Fig,  19.     The  equivalent  uniform  loading  for  E  60  loading 
i  the  %iUue&  for  E  40  in  Fig.  19.     In  calculating  the  stresses  in  the  truss  members  select 


I  4CO0 


2Q    Ao    m    00    yoo    m    \aq    i&o    \m    200    no    iao   w   t&o  300 
3pan  of  bridge  \n  Feet 
Fig.  19,    Eql^valent  Uniform  Live  Load  for  Cooper's  E40  Loading. 
(Loads  for  one  track.) 

tivakitt  \om4  lor  the  gi%*cn  span,  and  calculate  the  chord  and  web  stresses  by  the  use  of 
^lodiilv  as  for  highway  bridges.     In  designing  the  stringers  for  bending  moment  take  a 
iffBin  equsJ  ta  one  jmnci  length,  and  for  the  maximum  floorbcam  reaction  take  a 
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loading  for  a  span  equal  to  two  panel  lengths.  It  is  necessary  to  calculate  the  maxin 
shears  and  the  shears  at  intermediate  points  by  wheel  concentrations,  or  to  use  equival 
form  loads  calculated  for  wheel  concentrations.  The  calculated  values  of  the  mom 
shear,  S,  and  floorbeam  reaction,  R,  for  Class  E  60  are  given  in  Table  III.  The  eq 
.  uniform  load  method  has  been  advocated  very  strongly  by  Mr.  J.  A.  L.  Waddell  who 
scribed  its  use  in  detail  in  his  ''De  Pontibus."  Live  load  stresses  as  calculated  by  the 
of  equivalent  uniform  loads  are  too  small  for  the  chords»and  webs  between  the  ends  of  t 
and  the  quarter  points,  and  are  too  large  between  the  quarter  points.  The  stresses  < 
for  the  counters  are  too  large.  The  live  load  stresses  calculated  by  the  method  of  eq 
uniform  loads  are  sufficiently  accurate  for  all  practical  purposes.  Even  though  the  eq 
uniform  load  method  is  simple  to  apply  and  gives  results  which  are  sufficiently  accurate,  i 
seldom  used. 

Uniform  Load  and  One  or  Two  Excess  Loads. — ^A  uniform  load  is  used  and  to  pro 
the  wheel  concentrations  one  or  two  excess  loads  are  assumed  to  run  on  top  of  the  unifoi 
This  method  is  now  rarely  used.  In  a  paper  entitled  "Rolling  Loads  on  Bridges,"  publ 
Bulletin  No.  161,  Am.  Ry.  Eng.  Assoc.,  November  1913,  Mr.  J.  E.  Greiner,  Consulting  E 
found  that  thirty-eight  of  the  thirty-nine  most  important  railroads  in  the  country  used  a 
of  wheel  concentrations,  and  one  road  used  a  uniform  load  with  a  single  excess  load;  the 
of  equivalent  uniform  loads  was  not  used. 

MAXIMUM  STRESSES.— The  conditions  of  live  loading  for  maximum  stresses  ii 
and  trusses  are  as  follows. 

Uniform  Live  Load  on  Beam  or  Girder. — ^For  bending  moment  the  span  should 
loaded.     For  shear  the  longer  segment  of  the  span  should  be  loaded. 

Equal  Joint  Loads. — For  bending  moment  (chord  stresses)  the  bridge  should  be  fully 
For  shear  (web  stresses  in  trusses  with  parallel  chords)  the  longer  segment  of  the  truss  si 
loaded  for  maximum  stress,  and  the  shorter  segment  of  the  truss  should  be  loaded  for  m 
counter  stress  (minimum  stress). 

Point  of  Maximum  Bending  Moment  in  a  Beam. — The  maximum  bending  momc 
beam  loaded  with  moving  loads  will  come  under  a  heavy  load  when  this  load  is  as  far  fi 
end  of  the  beam  as  the  center  of  gravity  of  all  the  moving  loads  then  on  the  beam  is  from  tl 
end  of  the  beam. 

Wheel  Loads,  Bridge  with  Parallel  Chords. — The  maximum  bending  moment  at  ai 
in  the  loaded  chord  will  occur  when  the  average  load  on  the  left  of  the  section  is  equa 
average  load  on  the  entire  span. 

The  maximum  bending  moment  at  any  joint  in  the  unloaded  chord  of  a  symmetrical 
truss  will  occur  when  the  average  load  on  the  entire  span  is  equal  to  the  average  load  on 
of  the  section,  one-half  of  the  load  on  the  panel  under  the  joint  being  considered  as  par 
load  on  the  left  of  the  section. 

The  maximum  shear  in  any  panel  of  a  truss  will  occur  when  the  average  load  on  the 
equal  to  the  average  load  on  the  entire  bridge. 

Wheel  Loads,  Bridge  with  Inclined  Chords. — The  criterion  for  maximum  bending  i 
in  a  bridge  with  vertical  posts  is  the  same  as  for  bridges  with  parallel  chords. 

For  web  members  the  criterion  is  that 

P/L  =  P,(/  -f  ale)ll 
where  P  =  total  load  on  the  bridge; 

Pi  =  load  on  the  panel  in  question; 
L  =  span  of  bridge; 
/  =  panel  length; 

a  =  distance  from  left  abutment  to  left  end  of  panel  in  question; 
e  =  distance  from  left  abutment  to  intersection  of  top  chord  section  of  the  panel  pi 
and  the  lower  chord.     (The  intersection  is  to  the  left  and  outside  of  the  sp 


IMPACT  STRESSES, 

[>F  Sn^SS. — Bridges  must  be  designed  for  the  stresses  due  to  (i)  dead  load; 
;  load;  13)  wind  load;  (4)  snow  load;  (5)  impact  stresses;  (6)  temperature  stresses; 
and  (8)  secondarj*^  stresses  not  taken  into  account  in  the  calculations^ 
t  above  it  is  necessary  in  determining  the  allowable  stress  in  any  member  to  take 
fections  in  materials  and  workmanship,  possible  increase  in  live  loads,  fatigue 
'  of  the  application  of  the  stress,  corrosion  and  deterioration  of  materials, 
ould  be  so  designed  that  no  part  will  be  ever  stressed  beyond  the  elaj^tic 
ble  stresses  for  dead  load  are  usually  taken  at  al^out  60  to  70  per  cent  of  the 
fcn  elastic  limit  of  30,000  lb.,  the  allowable  working  j^tresses  for  dead  toads  alotie 
from  18,000  to  21,000  lb.  per  sq.  in. 

SSSES. — As  a  load  moves  over  the  bridge  it  causes  shocks  and  vibrations 
kctual  stresises  are  increased  over  those  due  to  the  static  load  alime.     It  is  shown 
rOiaterials  that  a  load  suddenly  applied  to  a  bar  or  beam  will  produce  stresses 
I  produced  by  the  same  load  gradually  applied.     A  bridge  is  a  complex  structure 
^to  determine  the  exact  effect  of  the  moving  loads.     It  has  been  found  by 
tltimate  strength  for  rejieated  loads  is  much  less  than  for  dead  loads.     In  a 
that  the  dead  load  is  a  fixed  load  and  that  the  live  load  is  a  \'arying  load. 
[  one  kind  Professor  Launhardt  has  proposed  the  following  formula: 


-( 


I  + 


Min,  stress^ 
Max.  stress  j 


(2) 


ble  working  stress  required,  and  5  is  the  allowable  working  stress  for  live 
►'to  the  maximum  stress.     For  stresses  of  opposite  kinds  Professor  Wey- 
i  the  following  formula: 


P  =  s(t-    Min-strrs.   \ 
\         a  Max.  stress/ 


(3) 


!  the  same  aa  for  the  Launhardt  formula,  the  maximum  and  minimum  stresses 
t>ut  sign.  For  columns  and  struts  the  allowable  stresses  as  given  by  formulas 
I  be  reduced  by  a  suitable  column  formula, 

'  methcxls  in  common  use  fur  taking  account  of  impact  and  fatitz:ue:  (i)  Impact 
litihardt-Weyrauch  formulas,  and  (3)  Cooper's  Method. 

aalAS» — ^The  formula  in  most  common  use  is  given  in  the  form 


'-Kttt) 


(4) 


» be  added  to  the  Rtatic  live  load  stress,  5  =  the  static  live  load  stress, 
i  fret  of  the  portion  of  the  bridge  that  is  loaded  to  produce  the  maximum  stress 
nd  a  and  b  are  constants  caressed  in  feet.     The  American  Railway  Engineering 
pclfies  for  railway  bridges,  a  ^  b  —  300  ft*     Mr.  J.  A.  L»  Waddell  specifies  a  =  400 
Lft*  for  railway  bridges;  and  a  =  too  ft.,  and  b  =  150  ft»  for  highway  bridges. 
I^veral  roads  using  A.  R.  E.  A.  impact  formula,  see  Table  XVI, 
,  bridges  the  American  Bridge  Company  specifies  that  the  maximum  live  load 
eafted  25  per  cent  to  cover  impact  and  vibration. 
imcider,  M.  Am,  Soc.  C.  E,,  specifies  that  for  electric  railway  bridges 


/  «5'  i5o/(£-|-30o) 


(5) 


Engineering  Company's  190 1  specifications  for  railway  and  for  highway 
1  h  calculated  by  the  formula 


/  -  5  .  S!{S  i-  D} 


(6) 
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where  5  is  the  static  live  load  stress  and  D  is  the  dead  load  stress.    This  method  is  used  by  the 
Illinois  Central  R.  R. 

(2)  Launhardt-Weyrauch  Formulas. — Formula  (2)  is  used  for  determining  the  allowabk 
stress  for  stresses  of  one  kind  and  formula  (3)  is  used  for  determining  the  allowable  stress  for 
stresses  of  different  kinds.  This  method  is  used  in  Thatcher's  Specifications,  in  Common  Standard 
Specifications  (Harriman  Lines),  and  specifications  of  Pennsylvania  Lines  West  of  Pittsburgh. 

(3)  Cooper's  Method. — Cooper  uses  formula  (2)  and  calculates  the  area  for  the  dead  load 
and  the  area  for  the  live  load  stress  separately.  For  dead  loads  from  formula  (2)  we  have  P  «  25, 
while  for  live  loads  the  range  of  stress  is  from  zero  to  the  maximum,  and  P  =  5. 

For  a  reversal  of  stress  Cooper  designs  the  member  to  take  both  kinds  of  stress,  but  to  eadi 
stress  he  adds  eight-tenths  of  the  lesser  of  the  two  stresses. 

IMPACT  TESTS. — The  American  Railway  Engineering  Association  has  made  an  exhaustive 
series  of  tests  to  determine  the  effect  of  impact  on  railway  bridges.  The  following  summary  ii 
taken  from  the  Proceedings  of  Am.  Ry.  Eng.  Assoc.,  Vol.  12,  Part  3. 

(i)  With  track  in  good  condition  the  chief  cause  of  impact  was  found  to  be  the  unbalanced 
drivers  of  the  locomotive.  Such  inequalities  of  track  as  existed  on  the  structures  tested  were  of 
little  influence  on  impact  on  girder  flanges  and  main  truss  members  of  spans  exceeding  60  to  7$ 
ft.  in  length. 

(2)  When  the  rate  of  rotation  of  the  locomotive  drivers  corresponds  to  the  rate  of  vibration 
of  the  loaded  structure,  cumulative  vibration  is  caused,  which  is  the  principal  factor  in  pfo- 
ducing  impact  in  long  spans.  The  speed  of  the  train  which  produces  this  cumulative  vibration  ii 
called  the  "critical  speed."  A  speed  in  excess  of  the  critical  speed,  as  well  as  a  speed  below  the 
critical  speed,  will  cause  vibrations  of  less  amplitude  than  those  caused  at  or  near  the  critical  ^)eed. 

(3)  The  longer  the  span  length  the  slower  is  the  critical  speed  and  therefore  the  majdfflam 
impact  on  long  spans  will  occur  at  slower  speeds  than  on  short  spans. 

(4)  For  short  spans,  such  that  the  critical  speed  is  not  reached  by  the  moving  train,  the 
impact  percentage  tends  to  be  constant  so  far  as  the  effect  of  counterbalance  is  concerned,  but 
the  effect  of  rough  track  and  wheels  becomes  of  greater  importance  for  such  spans. 

(5)  The  impact  as  determined  by  extensomcter  measurements  on  flanges  and  chord  membeil 
of  trusses  is  somewhat  greater  than  the  percentages  determined  from  measurements  of  deflectioi. 
but  both  values  follow  the  same  general  law. 

(6)  The  maximum  impact  on  web  members  (excepting  hip  verticals)  occurs  under  the  si 
conditions  which  cause  maximum  impact  on  chord  members,  and  the  percentages  of  impact  for 
the  two  classes  of  members  are  practically  the  same. 

(7)  The  impact  on  stringers  is  about  the  same  as  on  plate  girder  spans  of  the  same  Icngtk 
and  the  impact  on  floorbeams  and  hip  verticals  is  about  the  same  as  on  plate  girders  of  a  sptf 
equal  to  two  panels. 

(8)  The  maximum  impact  percentage  as  determined  by  these  tests  is  closely  given  by  the 
formula 

,  100 

20,000 

in  which  /  =  impact  percentage  and  /  =  span  length  in  feet.  ^  ^ 

(9)  The  effect  of  ditTorcnces  of  design  was  most  noticeable  with  respect  to  differences  in  t» 
bridge  floors.  An  clastic  floor,  such  as  furnished  by  long  tics  supported  on  widely  spaced  stringeft 
or  a  ballasted  floor,  gave  smoother  curves  than  were  obtained  with  more  ri^id  floors.  The  resuw 
clearly  indicated  a  cushioning  efl"cct  with  rcs[xx:t  to  impact  due  to  open  jomts,  rough  wheels  *». 
similar  causes.  This  cushioning  efTect  was  noticed  on  stringers,  hip  verticals  and  short  spH 
girders.  ^^. 

(10)  The  effect  of  design  upon  impact  percentage  for  main  truss  members  was  not  sufficientif 
marked  to  enable  conclusions  to  be  drawn.  The  impact  percentage  here  considered  '^^*'J*J 
variations  in  the  axial  stresses  in  the  members,  and  does  not  relate  to  vibrations  of  memw^ 
themselves.  ^ 

(11)  The  impact  due  to  the  rapid  application  of  a  load,  assuming  smooth  track  and  balancen 
loads,  is  found  to  be  from  both  theoretical  and  experimental  grounds,  of  no  practical  importance 

(12)  The  impact  caused  by  balanced  compound  and  electric  locomotives  was  very  smalls* 
the  vibrations  caused  under  the  loads  were  not  cumulative. 

(13)  The  effect  of  rough  and  flat  wheels  was  distinctly  noticeable  on  floorbeams,  butnj 
on  truss  members.  Large  impact  was,  however,  caused  in  several  cases  by  heavily  loaded  frop 
cars  moving  at  high  speeds. 
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TSaxlmum  moments, 

SHEARS   AND  FLOORBEAM    REACTION^^TB^^ 

TABLE  IIL                                                                        M 

piuu  MoiCENTS,  M:  End  Sbears,  S;  and  Floohseam  Reactions,  R;  Pee  Rah.,  for       H 

GlEDERS.                                                                                                        ■ 

Cooper' 

3  E60  Loading  (A.  R.  E.  A.).                                                    I 

idiiig  Two  £  60  En^nea  and  Train  Load  of  6,000  Pounds  per  Foot  or  Special  Loading    | 

K,cx)0  Pound  Axle  Loads 

7  Ft.  C  to  C.                                                                                           ■ 

unents  in  Thousands  of  Foot- Pounds.     Shears  and  Floorbeam  Reactions  in  Thousands  of    H 

Rulu  for  One  Rail.     Results  from  Special  Loading  marked*.     A.  R,  E.  A.  Impact  Formula, 
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96 

2498.4 

2031-2 

163.8 

133-2 

4§r-^ 

422.3 

85.2 

78.6 

113.5 

97-3 

70 

2561.3 

2076.8 

165.8 

1344 

448.3 

87.1 

80.2 

116.6 

9^*4 

7" 

2624.5 

2122.2 

1677 

135-6 

5i6u9 

474.2 

88,9 

81.6 

I20.t 

101.8 

72 

26S8.0 

216R.0 

170.0 

137*1 

54«1 

S01.5 

90.6 

82.0 

T234 

104.0 

73 

2750.9 

2212.5 

J72.2 

I38.S   , 

$82.0 

5307 

92,3 

84^2 

IZ6.5 

io6.o 

74 

2S18.5 

2260.7 

1744 

139*9 

615.8 

559.8 

Ui 

86.0 

1294 

107.8 

75 

2888,6 

2310.9 

176.5 

141.2 

M^3 

617.3 

87. «J 

1327 

IIO.O 

76 

2958.0 

2360.1 

178.6 

142.5 

9H.6 

8q,i 

136.5 

tiiS 

77 

3028.6 

2410.0 

180,6 

143  7 

71^^ 

645.8 

100,4 

90? 

140.0 

114.8 

78 

3096.6 

2457-6 

182.5 

144-8 

J 

7SM 

674.2 

101.1 

917 

143-i 

116.7 

79 

3168.2 

2507.8 

184.4 

146.0 

i 

S^-5 

703.5 

103.8 

93.0' 

146.4 

ii«.7 

80 

3240.7 

2558.5 

186.3 

1471 

■ 

734.9 
767.0 

105.9 

94.6 
96.0 

H9'3 

120,4 

81 

33ii4 

26074 

188.4 

1484 

96u6 

107.8 

152.2 

122.1 

82 

3385.1 

2658.4 

190.4 

149  5  1 

MO 

798.8 

109.7 

974 

1556 

124.2 

«3 

3459-6 

2709.8  j 

192. T 

150.6 

1 

IF 

831.8 

111.4 

98.6 

158,8 

126.0 

84 

3534.6 

2761,4 

194.2  j 

1517 

9^ 

867.7' 

ii3*t 

99.8 

162.0 

127.9 

85 

3610.4 

2813.3 

196.1 

T52.8 

017^ 

903.5 
938.9 
974.2 
1009.4 

i044'4 
1078.9 

iIS.2 

117.2 

101.3 

102.8 

86 

36894 
3766.5 

2867,4 
2919.8 

200.1 

154.0 
155.1 
t56.3 
157  J 
158.3 

1594 

160.5 

09Ob4 

87 

90f.I 

119.0 
120.8 

104,1 

1053 

106.* 

88 

3846,0 
3924^3 
4005.8 
4.084..^ 

29737 
3026.5 

3081.4 
3*33-8 
31867 

202,1 

89 
90 
01 

204.0 
205.8 
207.7 
209.7 

122.5 
124.2 
1359 

Viaduct 

X41.4 

•  WU.3 

107.7 

Span 
30^-60' 

887^ 

1113.4 

ia9.8 

92 

4164.0 

M78.3 

1 147.8 

127,5 

10Q.9 

179.2 

93 
94 

4246.6 
4328.0 

3241.6 
32954 

211.6 

161.5 
162.6 

1 

ir«4.8 

129.2 

m.i 

...,,-.,, 

2135 
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TABLE   III.— Continued. 
Maximum  Moments,  M;  End  Shears,  S;  and  Floorbeam  Reactions,  R;  Per  Rail,  foi 

Girders. 
Cooper's  E6o  Loading  (A.  R.  E.  A.). 


Span 

Maximum  ' 

L,   '  Momenta 

Ft.  ■         M. 

i                                 : 

95 

4408.4 

96 

4490.7 

97 

4S73-5 

98 

4659.8 

99 

4743.8 

100 

4830.0 

lOI 

4916.9 

102 

5004.0 

103 

SII5.5 

104 

5212.8 

105 

5306.5 

106 

5401.3 

107 

5499.2 

108 

5617.0 

109 

5727.6 

loment  |    End      shear 
mpact.   •  Shear    i^^^^ 

M'.  s.     I     §r 


334R.2 

3402.0 

3456.0 
3512.4 
3566.7 

3622.5 

3678.5 

37344 
3808.1 
3870.9 

3930.7 
3991. 1 

4053-4 
4130.1 
4201. 1 


i  215.4 

1 217.2 

1 219.2 

1 221.2 

1 223.1 

225.0 

226.8 

228.6 

230.4 

232.3 

234-1 
2359  i 
237.7  ' 
239-4  i 
241.2  I 


163.6 
164.5 
165.6 
166.7 
167.7 

168.8 
169.7 
170.6 

171.S 
172.5 

173-4 
174.3 
175.2 
176.0 
176.9 


Floorbeam 

Reaction 

R. 


Floorbeam 

Impact 

R'. 


Viaduct 
Span 

30^-80' 
197.2 


Viaduct 
Span 

4o'-8o' 
236.5 


Span 
L. 
Ft. 


110 
III 
112 
113 
114 

IIS 
116 

"7 
118 
119 
120 
121 
122 
123 
124 
125 


Maximum 

Momenta 

M. 


5829.6 

5937-4 
6040.0 
6148.2 
6258.0 
6366.8 
6478.0 
6586.1 
6696.6 
6808.3 
6921.6 
7030.5 

7143.8 
7260.1 

7376.4 

7495-2 


Moment 
Impact 


4265.5 

4333-9 
4398.1 
4466.0 
4534-8 

4671.6 
4738.2 
4806.1 
4874.7 
4944.0 
5009.9 
5078.5 
5 148.9 
52191 
5290.7 


End 

Shear 

S. 


243.0 
244.8 
246.6 
248.3 
250.0 
251.8 
253.6 

255.3 
257.0 
258.8 
260.5 
262.2 
264.0 
265.7 
267.4 
269.1 


End 
Shear 

Img^ 


177.8 
178.7 

179.5 
180.3 
181.2 
182X) 
182.9 
183^ 
1844 
185.3 
186.I 
186.9 

187.7 
1884 
189.2 
190.0 


CALCULATION  OF  STRESSES.— For  the  calculation  of  stresses  in  railway  bridees,  « 
the  author's  "The  Design  of  Highway  Bridges;"  Johnson,  Br>an  &  Turneaurc's  " F ramed  StnK- 
tures,"  Part  I;  Marburg's  "Framed  Structures,"  Part  I;  Spofford's  "Theory  of  Structures'*;  or 
other  standard  textbook. 

Moments,  End  Shears  and  Floorbeam  Reactions. — The  maximum  bending  moments  and 
end  shears,  for  Cooper's  E  60,  and  A.  R.  E.  A.  special  loadings,  for  girders  up  to  125  ft.  span  are 
«iven  in  Table  III.  The  maximum  moments  occur  at  a  point  near  the  center  of  the  girder. 
Maximum  floorbeam  reactions  are  given  for  stringers  up  to  40  ft.  span.  The  table  also  gives 
the  imfKict  stress  calculated  for  A.  R.  E.  A.  impact  formula  (4). 

The  maximum  moments,  end  shears,  quart er-p<)int  shears,  center  shears,  and  maxunno 
floorbeam  reactions  for  girders  up  to  75  ft.  span  are  given  in  Table  IV.  .    c.  1     j-        w** 

Moment  Diagram. — A  diagram  giving  the  position  of  the  wheels  in  Coopers  E  loadrngstDi 
will  produce  maximum  moment  in  a  iK'am  or  at  a  ixinel  point  in  a  truss  is  pvcn  in  Table  U 
The  condition  for  maximum  shear  in  the  first  jxinel  is  the  same  as  for  bending  moment  at  U 
which  value  may  be  obtained  from  Table  \'a.     Other  loadings  for  maximum  shear  must  be  cal- 
culated bv  means  of  the  criterion  given  al>ove.  .     ^  ,^,    ,,.         j  l  •  r  •  ^    ..^i^ 
A  moment  diagram  for  Cooper's  E  60  loading  is  given  in  Table  Vb,  and  bncf  mstructiooi 
for  use*  of  the  table  are  given  on  the  i>age  oi)posite  Table  \'b.  ,       ,      ,  .  ,  r. 
Shears  in  Bridges.— Shears  in  the  panels  of  the  loaded  chords  of  spans  with  3  to  9  (Jtnm 
for  Co^iper's  E  50  loading,  are  given  in  Table  VI,  Table  VII,  and  Table  VIII.     To  obtam  tte 
shears  for  K  60  loading  multiplv  the  tabular  values  by  'i.     The  stresses  in  the  web  mcmbcn «■ 
Pratt  truss  are  etiual  to  the  shears  X  sir  0,  where  0  is  the  angle  that  each  web  mcniber  makes ww 
a  vertical  line.     The  tables  were  calculated  by  the  McClintic-Marshall  Construction  C<>mpa"3N 
Moments  in  Bridges.— Binding  Moments  in  Ix-ams  and  girders  and  at  points  »n  the  loaflw 
chord  of  bridges,  are  given  in  Table  IX  and  Table  X.     The  bending  moments  for  an  E  60  loadiPg 
will  be  equal  to  the  tabular  values  X  ■!.                                        .  .       ^     .         o          1  ^         ^ .wwv.fr 
For  example,  the  l)ending  moment  for  an  E  50  loading,  at  joint  Lu  m  an  8  panel  truss  ot  2O0h^ 
span  from  Table  X,  is  6.787  thousiind  ft.-lb.     For  an  E  60  loading  the  bending  njoment  at  jaw 
lT is  6.787  X  6's  =  8.14s  thousand  ft.-lb..  which  checks  the  value  calculated  from  Table ^ 
on  the  page  opposite  Table  Vb.     The  tables  were  calculated  by  the  McChntic-Marshall  Cofr 

struct  ion  Company.  .  ,    ,  .  ,^««cJ 

Elevated  Trestie  Span  Reactions.— The  floorbeam  reactions  and  the  maximum  reactions « 
the  intermediate  and  tower  spans  of  elevated  railway  trestles  may  be  calculated  from  table  ia 

and  Table  X,  as  follows:  .       ^    i.    .  ^         j-  ^       ToWi 

Required  the  end  reactions  for  a  40  ft.  tower  span  and  an  80  ft.  intermediate  span,  law* 
span  equal  to  40  +  80  =  120  ft.,  and  calculate  the  bending  moment  at  a  point  40  «•  "J^®/^ 
left  end.     In  Table  IX.  take  a  6-panel  bridge  with  20  ft.  panels,  the  bending  moment  at  i4» 
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5.255  thousand  ft.-lb.     Then  the  reaction,  R  =  MX  ^^~^  ^  MX  3/80 


5255  X  3/80 


.1   thousand  lb.     For    E60,   Ri 
i  the  value  in  Table  III. 


40  X  80 
RX6/S  =  197. 1  X  6/5  =  236.5  thousand  lb.,   which 


TABLE  IV. 

lUM  End  Shears,  Quarter-Point  Shears,  Center  Shears;   Maximum  Moments,  and 
Floorbeam  Reactions  for  Girders. 

Cooper's  E60  Loading  (A.  R.  E.  A.). 

foments  in  Thousands  of  Foot-Pounds.     Shears  and  Floorbeam  Reactions  in  Thousands  of 


esults  for  One  Rail.     Results  from  Special  Loading  marked*. 


End 
Shear. 

Quarter 
Point 
Shear. 

Center 
Shear. 

Maximum 
Moment. 

Floorbeam 
Reaction. 

Span 
Ft. 

End 
Shear. 

Quarter 
Point 
Shear. 

Center 
Shear. 

Maximum 
Moment. 

♦48.8 

*S3.2 
554 
57.8 

30.0 
♦324 
*34.4 
♦36.0 

♦37.5 

♦18.8 
♦18.8 
♦18.8 
♦18.8 
19.3 

♦  93.7 

♦103.0 

120.0 

142.5 

165.0 

60.0 
65.5 
70.0 

73-9 
78.2 

47 
48 
49 

122.5 
124.2 
125.9 
127.5 
129.2 

75.3 
76.1 

77.1 
78.2 
79.2 

35.2 
35.6 
36.0 
36.3 
36.8 

I20I.I 
12444 
1287.9 
I331.4 
1378.3 

60.0 
63.8 
67.1 
70.0 
72.6 

♦38.8 
♦39-9 

42.6 
43.8 

♦20.0 
♦21. 1 
♦22.1 
♦22.9 
♦23.7 

187.5 
210.0 
232.5 
255.0 
280.0 

82.0 

91.0 
94.3 

50 
51 
52 
53 
54 

130.8 
132.5 
134.I 
135.7 
137.4 

80.2 
81.2 
82.2 
83.1 
84.1 

37.2 
37.8 
38.3 
38.7 
39.2 

1426.3 

1474-7 
1522.8 
1571.O 
1621.5 

75.0 
77.1 
79.1 
80.9 
83.1 

45-0 
47.2 
49.2 
50.8 
52-5 

*244 

♦25.0 
♦25.6 
♦26.1 
♦26.6 

309.5 
339.0 
368.5 
398.2 
427.8 

98.3 
101.9 
105.2 
108.2 
1 10.9 

55 
56 
57 
58 
59 

139.0 
140.6 
142.2 
143.8 
145.4 

ll:f 

87.3 
88.3 

89.3 

39.6 
40.0 
40.4 
40.8 
41.3 

1675.2 
1728.0 
1781.9 

1834.5 
18914 

85.2 
87.1 
88.9 
90.6 
92.3 

54.0 

56.7 
57.9 
59.0 

♦27.0 

*274 
♦27.8 
♦28.1 
♦28.5 

457.5 
487.2 
516.9 
548.3 
582.0 

II  6.6 
1 20. 1 

123.4 
126.5 

60 
61 
62 

64 

147.0 
148.6 
150.2 
152.0 
153.8 

90.2 
91. 1 
92.0 
92.9 
93.8 

41.8 

42.3 
42.8 
43.2 
43.7 

1949.4 

2007.5 
2064.3 
21234 
2183.3 

94.6 
96.6 
98.6 
1004 
102. 1 

60.0 
61.2 
62.4 
63.6 
64.7 

♦28.8 
♦29.1 
♦29.3 
♦29.6 
♦29.8 

615.8 

649.3 
683.2 
716.9 
750.6 

129.4 
132.7 
136.5 
140.0 
143.2 

65 

66 

67 
68 

69 

155.7 
157.5 
159.6 
161.7 
163.8 

94.7 

95-6 
96.5 

97.4 
98.3 

44.1 
44.6 
45.0 
45-4 
45.7 

2246.3 
2309.3 
2378.3 
2435.4 
2498.4 

103.8 
105.9 
107.8 

65.7 
66.7 
67.5 

69.0 

70.2 

71.3 
72.3 

73-3 
74.3 

30.3 
30.9 

315 
32.0 

32.5 

33.0 
33.5 
33-9 

34.8 

784.5 
823.0 
861.6 
900.0 
940.0 

983.4 
1027.0 
1070.4 
1 1 13.9 

"574 

70 
71 
72 
73 
74 

75 

165.8 
167.7 
170.0 
172.2 
174.4 

176.5 

99.2 
100. 1 

lOI.O 

101.9 
102.8 

46.2 
46.6 
47.1 
47-5 
48.0 

48.4 

2561.3 

2624.5 
2688.0 

2750.9 
2818.5 

2888.6 

109.7 
1114 

113.1* 
115.2 

II  7.2 
1 19.0 
120.8 

103.6 

l^t--. 
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TABLE  VI. 
Maximum  Shears  in  Truss  Bridges  for  Ccx>per's  E50  Loading. 

Shears  for  Throusm  Spans 
CooPER^s  &50  Loading 

Shears  in  Thoi/sands  oF  f^ounds  For 
One  Rail 


Humbtt 
of 

in 

P^mk 

le/iyfA  oF f^nel 

li'o" 

7zr 

I3r 

/sr 

14'0' 

74^ 

73'0' 

75'6' 

/6'0' 

76'6' 

17'0' 

/f^lS'iT' 

I8'6' 

3 

LL, 

51-6 

53-0 

S43 

33-9 

374 

38-7 

60^ 

67-3 

63-0 

64-i 

63-6 

66-9 

67-7 

693 

4 

LL, 

71-6 

734 

73-3 

77-6 

79-6 

S7-6 

83-6 

853 

87-3 

89-0 

90-6 

97-6 

943 

96-4 

liLi 

344 

33-f 

3S-7 

37-7 

38-6 

39-6 

40-6 

41-7 

47-7 

43-9 

45-0 

46-7 

477 

483 

ULi 

7-9 

H 

g-9 

9-4 

9'g 

70-3 

10-7 

17-7 

ih7 

137 

77-7 

7S-7 

734 

734 

5 

Ul, 

iM 

S/-4 

93-i 

964 

99-7 

707-3 

703-4 

108-6 

711-8 

115-7 

779-3 

771-3 

174-6 

177-3 

l-h 

Si-g 

33-5 

37-7 

3M 

6S-3 

61-9 

634 

64-8 

66-7 

67-7 

69-7 

70-4 

71-4 

74-0 

LzLs 

?S'9 

TS-9 

77$ 

78-7 

793 

30-4 

37-7 

37-0 

37-8 

33-6 

343 

357 

3S-8 

364 

6 

i.L 

m-7 

m-s 

1743 

77i-7 

773-7 

177-7 

137-0 

734-9 

138-8 

747-7 

146-5 

7507 

733-8 

737-5 

t,Lz 

/// 

74-7 

763 

7g-7 

79-8 

87-7 

84-6 

86-9 

977-7 

95-0 

93-8 

58-5 

707-7 

703-6 

LU 

4}-4 

44-9 

463 

.47-7 

49-1 

50-4 

SI-7 

57-9 

340 

55-3 

565 

57-6 

58-6 

59-7 

lil4 

^(h^ 

7I-1 

77-9 

77-6 

733 

74/ 

74-S 

756 

763 

770 

77-6 

78-3 

78^9 

794 

7 

■UL, 

7n-s 

133S 

136-3 

147-4 

146-1 

130-9 

753-3 

760-7 

7646\ 

m-0 

773-3 

1775 

7S7-6 

185-7 

L,U 

i9-0 

SIS 

93-0 

9H 

707-6 

766-7 

109-6 

7/3-0 

776-4 

775-7 

7Z3i 

7764 

7794 

737-8 

UU 

^  SH 

(M 

643 

63-9 

674 

695 

77-1 

75-/ 

75-6 

774 

79-7 

S7-7 

844 

86-6 

IsU 

3H 

374 

3H 

39-S 

470 

477 

4S4 

444 

454 

46-5 

475. 

48-5 

49^4 

50-4 

L4U 

16-1 

!$•$ 

177 

18-4 

79-S 

79-7 

Z63 

71-0 

77-6 

77-7 

77-8 

Z34 

740 

744 

8 

UL, 

147-i 

1373 

1574. 

167-9 

76g-4 

7734 

/7M 

783-8 

7887 

7936 

7914 

7037, 

707-8 

7175 

U, 

m-f 

I7I-6 

776-7 

IZ7-0 

1733 

779-5 

m-7 

737-8 

747-8 

745-7 

\49-5 

1337 

756-9 

1605 

Ulj 

7fS 

793 

87-7 

83-9 

678 

90-9 

93-9 

96-8 

99-6 

IOZ-6 

703-6 

1085 

777-4 

Mi 

uu 

SIS 

§37 

353 

367 

381 

59-8 

61-4 

631 

£48 

667 

685 

704 

77-7^ 

740 

l4ls 

iO-3 

377 

37S 

33-9 

33-0 

36-7 

37-1 

380 

38-9 

39-9 

40-9 

41-7 

47-5 

434 

LsU 

13-1 

13-i 

74-S 

73-7 

75-7 

76-4 

77-0 

776 

J8-7 

787 

79-7 

798 

703 

708 

9 

1,1, 

m-4 

I7Z'8 

7776 

7i3-3 

7894 

7957 

7m 

706-4 

777-8 

777-5 

777-7 

7786 

7i37 

7384 

i,k 

mi 

157-9 

1373 

747-3 

7474 

757-7 

/S6-8 

767-3 

765-7 

770-/ 

174-S^ 

778-8 

I85i> 

7877 

LzL, 

334 

/Jfi/ 

107-9 

1064. 

709-8 

117-9 

776-6 

170-4 

774-7 

177-6 

737-0 

1344 

737-7 

741-0 

id* 

£7-4 

694 

77-7 

74-6 

77-3 

80-1 

87-7 

85-7 

87-6 

901 

97-5 

94-9 

973 

99-9 

lUs 

45-5 

U'i 

4S3 

49-6 

30-8 

57-4 

53-t 

354 

569 

5H 

60-7 

679 

635 

65-6 

uu 

i€'2 

773 

77-3 

793 

30-3 

37-3 

373 

33/^ 

33-9 

34-8 

357 

363 

37-7 

38-0, 

I 

^^^^^H 

^ 

t                                         Uf)sth  of  Pane! 

IB'Q' 

/^^r 

70V 

20'6' 

7/r 

7/r 

77'iA 

7Z'6' 

7}V 

73if 

740' 

74r 

75'0' 

75%' 

P '  70' i 

7/^; 

73-7 

,  9ii 

z;^-/ 

1030 

WH 

108-7 

/[0-7 

1/3-7 

I15-5 

117-7 

/70-0 

1777 

1744 

176-5 

17^7^ 

I  49^ 

sas 

3h3 

5^■^ 

53-/ 

34-0 

34-9 

55-8 

567 

5?4 

5S-7 

59-0 

59-7 

606 

r  /4'3 

m 

13-0 

IS-3 

IS-S 

/S-9 

16-7 

If-fi 

16-7 

17-0 

17-7 

17-5 

17-8 

lS-7 

1 

i  i30'4 

fS3'S 

I3$'6 

Ii9-S 

74^-9 

!460 

/49-{7 

1370 

1549 

!57-8 

1605 

163-3 

166-0 

168-8 

r  75  S 

774 

79-1 

SO-9 

8ie 

84-4 

86-/ 

88-0 

39-9 

91-7 

935 

93-1 

96-6 

98-3 

3  37S 

3i^i 

3$-$ 

394 

403 

40-9 

41-6 

47-3 

47-9 

43-7 

44-3 

45-0 

45-B 

46-3 

f  /SM 

1644 

mi 

171-7 

J73-1 

77d-8 

im 

1S5-8 

189-7 

1976 

1959 

1997 

7073 

2059 

m'/ 

m& 

IIM 

IJH 

116-77 

7/8-3 

1708 

173-7 

1734 

177-9 

730-/ 

137-4 

7343 

136-8 

1  f^7 

$1! 

B3-3 

6^-1 

604 

68-7 

69-6. 

71-5 

77-9 

745 

759 

77-4 

7S-6 

807 

^  3H 

3^i 

JM 

3Z-I 

il-S 

33-4 

34-0 

343 

350 

355 

3B-0 

366 

37-7 

376 

ifi9*7 

193-9 

1978 

i0h7 

m3 

7m 

7137 

717-9 

777S 

7753 

779-7 

7536 

7374 

7414 

t  /3S'9 

139^ 

147^ 

14^ 

7479 

73^-9 

7537 

1561 

159-3 

167-1 

164^ 

/$7-B 

770-3 

175-7 

t  as 

91'0 

931 

954 

973 

99-6 

7777-6 

103-8, 

1058 

107-9 

709-8 

\l//-8 

//3-6 

1/5.6 

i  ^A^ 

S14 

334 

34-5 

5S3 

36-7 

S7-8 

39-3 

60-6 

67-1 

63-4 

647 

65-8 

67/ 

^  Zf/ 

/^v 

/c^*3 

Zi9 

Z7-4 

7c?-e 

7f-3 

79-0 

79-4 

79-9 

30-3 

3(9-8 

3/3 

3/8 

.  ///'/ 

77f7 

//iy 

IM^ 

^5M 

759-9 

7443 

748-9 

7534 

7380 

767-5 

767-7 

77/5 

776-0 
7083 

^  ii4^/ 

ff77 

/7/i 

174-8 

77g-Z 

IS/-? 

783-0 

188-4 

1917 

195-1 

/98-3 

7(7/7 

7049 

3  I/7(? 

1/9^ 

^^^■s 

IZB-l 

7776 

/30-3 

137-9 

1334 

137-8 

7403 

147-7 

1457 

1475 

/50-0 

,  7i^ 

77'S 

79S 

81-7 

Si-6 

85-3 

87-3 

89-7 

9/-0\ 

97-8 

94-5 

963, 

98-0 

99-8 

►j^^'i" 

45-7 

46-/ 

47^ 

4S-0 

49-0 

49-9 

51-0 

57-/ 

55-7 

54-7 

55-5 

56-4 

574 

,  /A3 

7/'9 

x'-.V 

Zi'9 

73i4 

73-9 

744 

74-9 

753 

75-7 

76-0 

Z65\ 

769 

773 

,1^ 

74S4\ 

15^9 

r59^ 

764-0 

7697 

7M 

779-4 

7845 

789-7 

794-9 

799-9 

5049 

3100< 

W  J 

^^^H 
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TABLE  VI I L 
Maximum  Shea&s  in  Truss  Bridges  for  Cooper's  E50  LoADova 

5HBAR5  FOR  THR0U$N  SPANS 
COOPFR^S  &S0  L0APIN6 

Shears  in  Thoasdods  oF  Paunds  fcr 
One  Rail* 


fnm/vff 

of 

in 

hnels 

LengfA  oF Panel                                        1 

2k^' 

26^6' 

Z7!0' 

Z?l6' 

Zf-'O' 

ZS-'6' 

Z9V 

Z9-r 

50V 

5l-'0^ 

5210^ 

'3iiJ' 

54'0' 

55-lf 

3 

LL, 

\4 

L.L, 

J50-9 

155-L 

I3S-Z 

S7-i 

159-3 

14/5 

1456 

145-8 

/479 

Id, 

6l'i 

$Z-I 

6Z-9 

63-8 

\64'6 

65-6 

66-5 

67-4 

68-3 

\lils 

H-4 

18-6 

/8-9 

19-1 

19-5 

19-6 

19-8 

ZO-/ 

ZOi 

S 

UL, 

I7/-4 

m-i 

176-7 

1794 

181-9 

1845 

1870 

/89-e 

19Z-0 

197-1 

Idi 

m-i\ 

WI-9 

103-6 

1054 

1074 

108-9 

170-6 

//Z-3 

1/4-0 

l/?3 

!'■     '.■       .        .       ^ 

uu 

46-9 

47-7 

4S3 

49-0 

49-6 

50-5 

51-3 

SZ-/ 

5Z8 

543 

35-8 

57-3 

59-/ 

6C-8 

6 

UL, 

m-0 

zir-2 

Z15-4 

Z18-6 

ZZl-8 

ZZ49 

ZZ8-0 

Z3N 

Z34-2 

Z403 

Z46-6 

/5ZS 

ZS9il 

^653 

Ut 

mo 

ms 

145i 

145-8 

148-0 

150-3 

15Z-4 

/54-6 

156-7 

J6M 

765-1 

759-J 

SZ5-3 

7773 

his 

!/■£ 

85-0 

84-3 

8S-7 

87-0 

88-4 

89-5 

91-/ 

9Z4 

9S-0 

975 

/(TITO 

IOZ-5 

LU4 

38'/ 

38-6 

39-1 

39-6 

40-0 

40-5 

41-0 

4/-7 

4Z-4 

43-6 

45-1 

46-3 

47-8 

7 

Lol, 

r45-Z 

W'l 

ZSZ-i 

Z36-6 

Z604 

Z64-1 

Z67-7 

Z7/-4 

Z750 

Z8Z-3 

2896 

Z97/ 

5046 

i.'l^i'' 

Idi 

m-9 

nS'8 

181-5 

1844 

187-0\ 

m$ 

19Z-5 

1954 

m-9 

Z03-3 

2085 

Z/3-8 

Z78-8 

lUs 

IIM 

U9-3 

//// 

1Z3-0 

m-t 

1/6-6 

1Z8-3 

150-Z 

131-3 

1353 

138-8 

/4Z5 

/46-0 

uu 

6^3 

69-6 

?^g 

7Z-0 

73-1 

74-3 

75-4 

76-7 

77-8 

80-/ 

8Z-4 

845 

8e-6 

8H 

Us 

3N 

3M 

53-0 

53-5 

33-8 

343 

34-6 

35-7 

55-6 

,56-5 

37-5 

38-5 

39-S 

4/0 

8 

UL, 

2iU 

zm 

zm 

Z93i> 

zm 

3035 

3065 

m9 

5/5-0 

^Zii 

3^0 

5406 

349.} 

557-9 

L,L, 

Zl/4 

Z/B-J 

zm 

ZZl-8 

ZZSi 

ZZ/4 

Z5/.7 

Z554 

23t-Z 

2446 

ZSJ-0 

2573 

Z634 

?  ■'. "",  '1 

LU, 

/m 

/547 

157.0 

1594 

167-7 

lM-0 

I66-I 

/68-5 

170-8 

1754 

780-/ 

/S4-8 

789-3 

id4 

WI-4 

Wi-I 

mi 

106-5 

107-9 

109-5 

1/1-0 

//Z-6 

m-1 

J/7-3 

JZ03 

1Z55 

/Z6-3 

Wk 

LUs 

58-4 

m 

60-S 

61-6 

6Z-6 

63-7 

64S 

65-9 

bb-9 

6i-9 

70-8 

7Z-8 

74-8 

m 

IsLf 

Z?6 

Z8-0 

Z84 

ZS-8 

Z9-1 

Z9-5 

Z9-9 

30-4 

30-g 

3J-5 

3Z5 

33-3 

34-3 

35-2 

9 

L»L, 

ilS-0 

SZO-I 

3Z5D 

530.0 

5549 

5i9.9 

544-7 

349-7 

3545 

564-1 

573-8 

5835 

5955 

4m 

Uf 

T46-7 

ZSM 

zm 

Z58-S 

Z6Z-4 

Z66-3 

zm 

Z74& 

Z778 

Z8U 

Z950 

5005 

mo 

5S-5 

Lils 

m-j 

l!9-6 

19Z.4 

195-3 

19?0 

Z00.9 

Z03S 

Z06-7 

709.5 

Z153 

ZZl-0 

ZZ(.S 

Z5Z5 

mi 

I3L4 

1541 

156-3 

1584 

m5 

14Z-5 

1446 

/46-6 

/48-6 

/50-6 

/54S 

758-8 

7637 

/664 

/7tT5 

LM 

88-9 

9S4 

91-g 

933 

94-8 

96-2 

97-6 

99-0 

100.4 

105-1 

1058 

lOS-6 

///•3 

im 

LsLf 

$J-S 

BZ-4 

553 

54-Z 

55-0 

55.9 

56-8 

576 

58-4 

60-3 

6Z-0 

63-8 

65-5 

672 

^^1^^^ 
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TABLE  IX. 
KlAXDiim  Bending  Moments  in  Pratt  Truss  Bridc.es  for  Cooper's  E50  Loading. 


BENDIN6  Moments  for  Throuoh  Spans 
Cooper's  E-SO  Loadins 

Momenh  In  Thousands  of  Foof-Pouncfs  for 
One  R3ih 


I 

AmJ 
JMff 

Length  of  Pane/ 

8'-0' 

B'-O" 

ic'-o' 

/I'-O' 

17'-0' 

/Z'-6'' 

73'-0" 

13-6" 

/4'-0' 

/4i6" 

75^" 

/s'-e" 

3 

I, 

i2S 

392 

464 

547 

619 

661 

707 

755 

803 

B50 

900 

952 

4 

I. 

4^ 

£37 

637 

743 

839 

9/8 

987 

1046 

7775 

//83 

7734 

7374 

U 

569 

681 

87/ 

964 

1 1/0 

1/89 

7769 

1352 

744/ 

7579 

7674 

7720 

5 

L 

S40 

667 

797 

979 

1071 

//40 

77/7 

/798 

/3S9 

7480 

1580 

7679 

Li 

790 

964 

1/48 

1361 

/574 

/675 

7797 

/9/0^ 

7047 

7/77 

7309 

7439 

6 

^f 

641 

7S3 

930 

1095 

/780 

7375 

/4SS 

/600 

/774 

184/7 

7964 

2089 

h 

IOCS 

1166 

/465 

/7/0 

/997 

7/33 

2289 

7445 

7  6/6 

2792 

7984 

3774 

L, 

nio 

1351 

1617 

1974 

7740 

7407 

238/ 

7760 

7946 

3138 

3  337 

3538 

7 

L 

7IS 

892 

logo 

1797 

/330 

/64S 

/775 

/906 

7047 

7785 

7337 

7479 

it 

tz/s 

1475 

7748 

7070 

744/ 

7647 

7849 

3  050 

3  763 

3485 

3777 

3957 

is 

/4Z5 

1739 

7086 

2465 

7879 

3/00 

3337 

3560 

3807 

4040 

43/2 

4595 

S 

I, 

tis 

107/ 

/  754 

1500 

7766 

/900 

7047 

7700 

7358 

75/6 

7680 

7843 

U 

Ii97 

170/ 

7046 

7490 

7933 

3/63 

3405 

3645 

3898 

4/60 

4436 

4  779 

li 

/7fS 

7100 

7579 

7991 

3498 

3773 

4078 

4383 

4770 

5040 

6380 

5720 

u 

fSf$ 

7740 

7699 

3703 

3747 

4073 

4344 

468/ 

5034 

5398 

5768 

6747 

ta 

,  L 

SZ2 

J 163 

14/8 

1698 

/997 

7/45 

7309 

7475 

765/ 

7877 

30/0 

3/95 

■ 

U 

JS76 

1935 

7404 

7888 

3400 

3  670 

3946 

4  774 

45// 

4804 

5707 

5470 

■ 

Is 

7933 

7435 

7986 

3571 

4/94 

453/ 

4886 

5741 

56/6 

5993 

6390 

6790^ 

I 

I4 

zin 

7598 

3186 

3860 

4588 

4970 

5370 

3  770 

6/86 

66/0 

7047 

7485 

n 

l6'-0' 

le'-s' 

/7'-0" 

17'-6' 

/8'-0" 

/8'-6'' 

/9''0'' 

19'-6" 

70''0' 

70'-6'' 

77'-0' 

7/'-6' 

J 

li 

f6Si 

1060 

///5 

//70 

/77g 

/785 

/346 

1404 

7464 

4 

L, 

H96 

146i 

/539 

16/4 

170/ 

/776 

/868' 

/958 

7067 

7766 

7773 

2386 

h 

IS  19 

I92S 

2  079 

7/34 

7740 

7349 

7465 

758/ 

7707 

787/ 

7346 

3074 

s 

L 

t7/S 

1S95 

70O9 

2/23 

7747 

2333 

7477 

7600 

7737 

7864 

3  00/ 

3/38, 

If 

7BS0 

7774 

2810 

3030^ 

3190 

3350 

35/8 

3685 

3943 

4/44 

4347 

4533 

L 

I, 

2770 

7iB/ 

74ff 

2e26\ 

7769 

79/0 

3062 

3  7/0 

3367 

35/6 

3678 

3840 

/* 

sm 

3369 

3773 

3978 

4/94 

44/5 

4650 

4883 

3733 

530/ 

5750 

5998 

/i 

3  747 

3957 

4170 

4422 

468/ 

4948 

57/3 

3487 

3746 

6078 

6377 

66/7 

■ 

r 

7  m 

27S6 

294i 

3104 

3768 

3434 

3605 

3778 

3  935 

4730 

4377 

4505 

■ 

^ 

4703 

4450 

4705 

4968 

57/8 

5480 

5746 

6075 

6376 

6673 

6974 

77/5 

I 
s 

u 

4tn 

3  7 SO 

6309 

5  m 

6/35 

6460 

6800 

7140 

7646 

7990 

8347 

8710 

I, 

iois 

3189 

3377 

3533 

3  74/ 

3930 

4/75 

4370, 

4575 

4777 

4939 

5/50 

If 

4994 

3780 

6676 

3873 

6/80 

6487 

6806 

7/75 

7458 

7803 

8/67 

8570 

I, 

(>m 

6430 

6806 

7180 

7573 

7983 

8369 

8780 

9734 

9650 

/0070 

/05/6 

Lt 

63/6 

69/5 

733/ 

7740 

8/64^ 

8595 

9043 

9490 

9943 

/0396 

/0862 

1/3/7 

, 

L 

33Sa 

3387 

3783 

3987 

4/98 

44/0 

4679 

4850 

5079 

3308 

5543 

5780 

ta 

,it 

3747 

6074 

64/4 

6755 

7/08 

7463 

7830\ 

8/98 

8578 

8970 

9378 

9790 

\ 

■ 

T/;Srf 

7^70 

8034 

8496 

3959 

9413 

9892 

/0377 

10  m 

\lli7i\n  m\}2  42b\ 

1 

1 

8m\ 

U^$/00/0\ 

70330^ 

77065 

//605 

12  m\i7  ni\ii  h\o\fi  tm\ 

172 


STEEL    RAILWAY   BRIDGES. 


TABLE  X. 
Maxiuum  Bendixg  Moments  in  Pratt  Truss  Brioges  for  Cooper's  E50 
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SHEARS  AND  MOMENTS  IN  A  PLATE  GIRDER  BRIDGE.— The  maximum  shears 
nents  in  dn  ii6  ft*  span  deck  girder  railway  bridge  are  shown  in  Fig*  20.  In  calculating  the 
live  l(xid  shears  ihe  girder  was  divided  into  sections  about  7  ft.  in  length  and  the  maxi- 
r-  wcrt!  calculated  as  in  a  truss  bridge.  The  maximum  binding  mr^ments  were  also 
1  »r  the  same  points  in  the  girder  The  make-up  of  the  tension  llangc  and  the  rivet 
_  im  «tiuwn  in  Kig.  20. 
TTie  flirts  diagram  for  a  60  ft*  span  single  track  deck  plate  girder  bridge  ia  shown  in  Fig.  21, 
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FiC-  20.    Sbbaks  and  Moments  in  a  Railway  Plate  Girder. 

ICATERIAIm— Open-hcarth  carbon  steel  complying  with  the  specihcatiuns  of  the  Am.  Ry. 
HA  gi^trn  in  the  last  part  of  this  chapter  is  commonly  used  for  bridge*  up  to  sfjans 
mC  more  than  500  or  550  feet  to  about  650  feet  carbon  and  nickel 
■ne  is  used*     For  spans  of  650  to  750  feet  nickel  steel  alone  should 
rusi^Ion  of  the  use  of  nickel  s-tcci  in  the  construction  of  bridges  see 
_.  r  Bridges**  by  Mr.  J.  A.  L,  Waddell,  M.  Am.  Soc.  (\  E.^  in  Trans. 

P»Soc»  C  ^L^  Vol.  63,  t(>oi;.  An  excellent  discussion  of  the  design  of  large  bri<lges  is  given  in 
^dm^^^gft  ^T\i\^^  with  Special  Reference  to  the  Quet)cc  Bridge''  by  Ralph  Modjeskit 
^^I^U^Hpn^r,  in  J'lurmd  Franklin  Institute,  September,  1915* 

"■^t  .'I '  i' VUBtE  STRESSES* — The  allowable  stresses  on  carbon  steel  as  adopted  by  the  Am. 
•c-  arc  \C%xcn  in  the  specifications  in  the  last  part  of  this  chapter     Out  of  jcj  railroads 
V!  the  Am.  Ry.  Eng.  Assoc,  sfiecificatians  lor  allowable  unit 
I  a  on  unit  stresses,  sec  Tabic  XVL 
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Chap. 


ECONOMIC  DESIGN  OF  RAILWAY  BRIDGES.— Pin-connected  truss  bridges  hit 
been  used  for  railroads  on  account  of  the  ease  of  erection,  ease  in  calculating  the  stresses,  and  ti 
simplicity  of  details  which  give  small  secondary  stresses.  The  present  practice  in  railway  bw 
design  is  to  use  plate  girders  for  spans  up  to  about  115  ft.,  and  riveted  truss  bridges  for  loflj! 
spans:  pin-connected  bridges  being  used  only  for  very  long  spans  and  for  spans  of  200  ft.  ando"* 
where  there  is  some  special  reason  such  as  ease  of  erection  or  low  cost.  The  author  would  recoi 
mend  pin-connected  truss  bridges  for  all  spans  of  200  ft.  and  over  for  the  following  reaaoo*'' 
(i)  the  weight  of  a  pin-connected  truss  bridge  with  eye-bars  is  less  than  the  weight  of  a  riveted  trt 
bridge  of  the  same  span  and  capacity,  and  while  the  shop  cost  per  pound  of  pin-connected  ti« 
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pvxt!g»  is  slightly  higher  than  for  riveted  truss  bridges,  the  total  cost  erected  of  the  structural 
^ccl  in  the  pifi-connectcd  bridge  is  less  than  the  steel  in  the  riveted  bridge,     (2)  The  pin-con- 
tcd  tnite  bridge  can  be  erected  in  less  time  at  a  very  much  less  cost  than  the  riveted  truss  bridge. 
1)  The  secondary  stresses  in  the  pin-connected  truss  bridge  arc  smaller  than  in  the  riveted  truss 
and  the  structure  is  more  efficient.     (4)  With  the  present  ballasted  floors  the  vibration 
impact  stresses  arc  no  greater  in  a  pin-connected  truss  bridge  than  in  a  riveted  truss  bridge, 
ivetcd  tension  members  arc  difficult  to  design  and  arc  expensive  of  material  and  labor     Eye- 
are  ideal  tension  memljers  in  which  the  material  is  used  efficiently.     For  the  aliuvc  reasons 
author  predicts  that  the  pin-connecied  bridge  for  spans  of  200  ft,  and  over  will  regain  its 
as  a  standard  type  of  railroad  bridge. 

Pratt  truss  with  parallel  chords  is  used  for  pin-connected  spans  up  to  about  250  ft,, 
iveted  truss  spans  are  made  with  Pratt  or  Warren  trusses;  double  and  triple  intersection 
are  also  used  for  riveted  trusses.  For  long  span  bridges  the  subdivided  Pratt  truss  with 
iidjficd  chords  (Petit  truss)  is  generally  used.  The  width  center  to  center  of  trusses  should  not 
>f  less  than  one-twentieth  of  the  span,  and  preferably  not  less  than  one-eighteenth.  The  height 
It  the  center  should  be  from  one-fifth  to  one-seventh  of  the  span;  the  Municipal  Bridge  at  St. 
-ouis  has  a  center  height  of  one-sixth  of  the  span.  The  height  at  the  ends  should  be  only  sufficient 
br  an  efTecui'c  portal.  The  most  economical  inclination  of  diagonals  is  very  nearly  40  degrees. 
o  that  in  a  P«tit  truss  the  panel  length  should  be  about  042  times  the  height.  For  the  most 
web  system  the  panels  should  vary  in  length  as  the  depth  varies,  but  this  increases 
t  of  the  floor  and  also  increases  the  shop  cost  and  cost  of  erection,  so  that  constant  panel 
commonly  used.  One  railroad  specification  requires  that  panel  lengths  shall  not 
35  feet.  For  truss  bridges  of  the  Pratt  type  with  two  stringers  and  an  open  timber  floor 
practice  is  to  use  a  panel  length  of  22J  to  27J  ft.,  with  25  ft.  as  an  average.  Increasing 
of  the  paneb  increases  the  weight  of  the  floor  system,  and  decreases  the  weight  of  the 
The  economical  panel  lengths  for  bridges  with  ballasted  floor  is  less  than  for  bridges  with 
timber  floor.  Riveted  truss  bridges  with  triple-intersection  web  members,  Fig.  41,  are 
h  very  short  panels, 

the  increase  in  the  size  of  the  sections  in  a  bridge  great  care  must  be  taken  in  detailing 

details  that  will  develop  the  full  strength  of  the  members.     Increased  details  increase  the 

and  for  this  reason  there  is  a  tendency  for  bridge  companies  to  cut  down  details  and  to 

details  so  as  to  simplify  shop  work  even  at  the  expense  of  added  weight  in  order  to  obtain 

price.     For  this  reason  detail  drawings,  not  necessarily  shop  drawings,  should  always 

by  the  designing  engineer.     The  author  has  in  mind  a  case  where  to  change  the  details 

icT  so  that  multiple  punches  might  be  used  required  the  addition  of  details  equal  to 

weight  of  the  span  and  the  addition  of  25  per  cent  to  the  number  of  field  rivets^ 

in  efficiency.     It  is  needless  to  say  the  change  was  not  made. 

I  rule  for  calculating  the  economical  depth  of  plate  girder  spans  is  to  make  the 

thf  fliiftitt  equal  to  ike  area  of  (he  webs.     The  actual  depths  of  plate  girders  are  commonly 

less  than  the  depth  gi\^n  by  the  above  rule.     The  minimum  thickness  of  1  inch  for  plate 

wrb»  should  be  used  only  for  stringers  with  short  spans,  and  the  thickness  of  the  web 

increased  as  the  span  and  depth  of  the  girder  increases.     For  the  depths  and  spacing  of 

designed  und'T  Common  Standard  Specifications  1006,  see  Table  L 
'AILS  OP  RAILWAY  BRIDGES.— It  is  very  important  that  the  details  of  railway 
*r>rked  out  with  great  care*     A  few  standard  details  will  be  briefly  described, 
DS  far  Chords  and  Posts. — Chord  sections  are  shown  in  (a)  to  (i)  in  Fig,  22,     Sections 
i)  laif  (b)  ^fv  u*w.Hi  for  light  chords  and  (c),  (d)  and  (e)  for  heavy  chords.     Sections  (a)  and  (d)  are 
by  turning  the  angles  in,  as  in  section  (i).     Sections  (f )  to  (i)  are  used  for  chord  sections^ 
tiic  posts  and  for  columns.     Sections  (n)  and  (p)  to  (t)  are  used  for  column  sections. 
pw*t8  and  columns  with  diaphragms  or  webs  at  right  angles  to  each  other  as  in 
(p)  to  (t j  give  much  better  results  under  actual  service  than  laced  seGtions  aa 
(o)*     Sections  (j)  to  (m)  and  (o)  are  used  for  struts  and  braces. 
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Floors. — Bridges  may  have  open  timber  floors  as  in  Fig.  23,  or  ballasted  floors  as  in  Fig.  24, 
or  in  Fig.  25.  For  track  elevation  and  for  bridges  crossing  over  streets,  buildings,  and  similar 
locations  and  for  ballasted  floors,  the  bndge  floor  is  waterproofed  and  the  water  falling  on  the 
floor  is  carried  to  the  ground  through  properly  arranged  drains. 
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Fig.  22.    Types  of  Columns  and  Top  Chord  Sections. 

Details  of  the  standard  timber  floors  used  by  the  Southern  Pacific  R.  R.,  the  Union  Pacific 
R.  R.  and  other  Harriman  Lines  are  given  in  Fig.  23.  For  additional  details  of  open  timber  flooit 
see  Fig.  i  and  Fig.  2,  Chapter  VII.    The  American  Railway  Engineering  Aasodation  in  191' 


TIMBER  FLOORS. 


177 


178  STEEL  RAILWAY  BRIDGES.  Chap.  IV. 

recommended  that  guard  timbers  be  used  on  all  open-floor  bridges,  also  that  guard  rails  be  used 
on  all  bridges,  and  that  the  guard  rails  should  extend  at  least  50  ft.  beyond  the  end  of  the  bridge. 
For  additional  details  see  Chapter  VII,  "Timber  Bridges  and  Trestles." 

Details  of  a  ballasted  floor  with  a  reinforced  concrete  slab  deck,  and  a  ballasted  floor  with  a 
timber  deck,  as  designed  and  used  by  the  Chicago,  Milwaukee  &  St.  Paul  Ry.  are  given  in 
Fig.  24.  The  reinforced  concrete  slabs  are  made  either  at  the  bridge  site  or  at  some  other  con- 
venient location  and  are  hoisted  into  place  after  the  concrete  has  gained  sufldcient  strength. 

The  Chicago,  Burlington  &  Quincy  R.  R.  uses  reinforced  concrete  slabs  for  a  ballasted  ded 
on  deck  girders  that  differ  from  the  Chicago,  Milwaukee  &  St.  Paul  slabs  in  Fig.  24,  in  the  following 
details.  The  reinforced  concrete  slabs  are  14  ft.  long  in  place  of  13  ft.;  and  are  5  ft.  wide  in  place 
of  3  ft.  7  in.  The  top  of  the  slabs  and  the  edges  of  the  slabs  are  painted  with  tar  paint  (made  of 
16  parts  coal  tar,  4  parts  Portland  cement,  and  3  parts  kerosene).  The  edges  of  the  reinforced 
concrete  slabs  are  beveled  and  after  the  slabs  are  laid  the  joint  between  the  slabs  is  packed  with 
oakum  for  a  depth  of  i  in.  at  the  bottom  and  the  remainder  of  the  joint  is  filled  with  i  to  3  Portland 
cement  mortar.  Where  the  reinforced  concrete  deck  is  placed  on  a  deck  girder  with  cover  plates, 
a  strip  of  No.  22  gage  lead  3  in.  wider  than  the  cover  plate  is  placed  on  top  of  the  cover  plate  and 
forced  down  over  the  rivet  heads.  After  the  slabs  have  been  put  in  place  and  blocked  up  to  the 
proper  elevation  the  space  between  the  lead  sheet  and  the  slab  is  filled  with  i  to  3  Portland  cement 
mortar.  The  minimum  thickness  of  the  mortar  joint  is  one  inch.  Cinders  or  slag  arc  not  used 
for  ballast  on  reinforced  concrete  slab  decks. 

A  standard  reinforced  concrete  floor  for  a  through  plate  girder  bridge  as  designed  by  the 
Chicago,  Burlington  &  Quincy  R.  R.  is  shown  in  Fig.  25.  The  concrete  is  1:2:4  Portland 
cement  concrete.  The  upper  surface  of  the  concrete  slab  is  ptainted  with  coal  tar  ptaint,  the  same 
as  the  deck  slabs.     Zinc  sheets,  No.  22  gage  and  8  in.  wide  arc  placed  on  the  tops  of  the  floorbean& 

A  steel  plate  ballasted  floor  on  a  through  riveted  truss  bridge  is  shown  in  Fig.  41. 

WATERPROOFING  BRIDGE  FLOORS.— The  problem  of  waterproofing  bridge  floore  is  a 
diflicult  one  and  has  been  worked  out  in  great  detail  by  the  engineers  of  many  railroads,  and  hf 
the  American  Railway  Engineering  Association.  For  a  very  full  discussion  of  the  problem,  see 
the  proceedings  of  the  American  Railway  Engineering  Association,  especially  Volume  14,  19131 
and  Volume  15,  1914.  The  following  extracts  from  the  report  of  a  committee  of  the  American 
Railway  Engineering  Association  presented  at  the  annual  meeting  of  the  society  in  March,  I9i4t 
are  of  value. 

The  methods  of  waterproofing  are  stated  as  follows: — 

"The  ordinary  methods  of  waterproofing  are. 

"(i)  Coatings:  (a)  Linswd  oil  paints  and  varnishes,  (b)  Bituminous;  asphalt  and  coal  tar. 
(c)  Liquid  hydrocarbons,     (d)  Miscellaneous  compounds,     (e)  Cement  mortar. 

"  (2)  Membranes:  Felts  and  burlaps  in  combination  with  various  cementing  compounds. 

"(3)  Integrals:  (a)  Inert  fillers,     (b)  Active  fillers. 

"  (4)   Watertight  concrete  construction.** 

The  conclusions  reached  in  the  report  are  as  follows: — 

'*  (i)  Watertight  concrete  may  l)e  obtained  by  proper  design,  reinforcing  the  concrete  against 
cracks  due  to  expansion  and  contraction,  using  the  proper  proportions  of  cement  and  graded  agpe- 
gates  to  secure  the  filling  of  the  voids  and  employing  proper  workmanship  and  close  supervision. 

"  (2)  Membrane  waterproofing,  of  cither  asphalt  or  pure  coal  tar  pitch  in  connection  with  felts 
and  burlaps,  with  proper  number  of  layers,  good  materials  and  workmanship  and  good  working 
conditions,  is  recommended  as  good  practice  for  waterproofing  masonry ^  concrete  and  bridge  floors. 

'*  (3)   Permanent  drainage  of  bridge  floors  is  essential  to  secure  good  results  in  waterproofing. 

"(4)  Integral  methods  of  waterproofing  concrete  have  given  good  results.  Special  care  ■ 
required  to  properly  proportion  the  concrete,  mix  thoroughly  and  deposit  properly  so  as  to  have 
the  void-filling  compounds  do  the  required  duty;  if  this  is  neglected  the  value  of  the  compound  is 
lost  and  its  waterproofing  eff'cct  is  destroyed.  Careful  tests  should  be  made  to  ascertain  thj 
proper  proportions  and  effectiveness  of  such  compounds.  Integral  compounds  should  be  used 
witn  caution,  ascertaining  their  chemical  action  on  the  concrete  as  well  as  their  eff^ect  on  its 
strength;  as  a  general  ruU,  integral  compounds  are  not  to  he  recommended,  since  the  same  results 
as  to  watertightness  can  be  obtained  by  adding  a  small  percentage  of  cement  and  properly  grading 
the  aggregate. 


\%-' 


STANDARD  BALLASTED  FLOORS. 


f 

I 


-I 

-SfseoFhif         T    Tn>ck  Tie  \^6''»8'''8'-0"^  'Handling l?0d\ 


pel%4^  /'Sgrsj    \  Lei^jfudfnd Simj , 


f^^m^W^i.  "W^M^^MMt^Wjr^^MmWM^^^w  w^.  ▼  «^«^«^  ;^L 


..:^e-:^Ki 


Web  6roov€        ?    Sftrrup B^rs' 


SECTION  OF  Standard  Concrete  Floor  ^lj^ 


u  OF  Material  FOR  3-7" 5LA5       \ 

Ha- 

Size 

LeniHi 

Remarks 

ls 

i" 

//V 

SsrsA  ienfin  kffm  @fsbb 

7 

1'" 

l/'S' 

5f  Flight  in  kp  oFskb* 

V 

i'" 

S'-i" 

Lcffgffadin^T 

v 

lO'-C' 

5firrt/p 

z 

^ea 

4^ 

Handling  Ro^s  U^- 

I 

r 

/V 

FiifwPtpesJiT^/ktmlM 

m 

Ca^  yjs^  &F  Concrete 

SBCTWNATmm  OF  nACK 

Wfight  oF Floor  Section- CoRcrtte  - 

Ties6'>^8'''S'0'',IS''drs  =  ll5%linFfaFfr3ck 
l4-4cuFiCo«crefe(?l45'^'i090''    «•»»»•» 
INcuFt^rsve/eilO'^  'im*  «»«•.» 


fie/n Forcing  5feef 
Z-W0*f?3ils 


n    n  ff    n 

ff      9f    ff      *f 


vjht  sF  ^e  5hh  ~  J  88  tons  * 


Tofjf      =3570  per /in^FA^Ffr^ck 


I" 


^ _^, /-(?- ^ 7-0^-- -H 

-   Tr^ck  Ties  \  e'^B'^&'O** ^        Guard  Rail  8"^^ 


''Cre^^fec/  Tie 


I 


MrP*ForJ/rders  Issf/.  tbt  Ml^ouri River 

''cms' kef  ion' 


E 


tfleight  oF  Floor  Section-Timber 
pes,/S'ee.ffers       •     115* per  lineal  Foot  oF  tr^ck 
Vft *F6r9vel&  110*  =  1485* »     «     „    «     »» 
frTtts   9  4i'SM-     »    650*  ■'     ------ 


5TAHDARD 

Timber  ballast 

f/^sffs  -  _65f»     V     ^    n    „  fi-OOR 

T»hl       "  i56S* per  lineal  F8(rt  oF  trick 
J4.    Standako  Baixasteo  Fiooks.    Chicago.  Milwaokke  &  St.  Paul 


r4ltfils.    »4i*»M' 


70*  » 
65**  » 


^Li/g  Washer     ■ 

^RD  ^B 

\LA5T      ^B 


180 


STEEL   RAILWAY  BRIDGES. 


Chap.  IV. 


"(5)  Surface  coatings,  such  as  cement  mortar,  asphalt  or  bituminous  mastic,  if  properly 
applied  to  masonry  reinforced  against  cracks  produced  by  settlement,  expansion  and  contraction, 
may  be  successfully  used  for  waterproofing  arches,  abutments,  retaining  walls,  reservoirs  and 
similar  structures;  Jor  impartafU  work  under  high  pressure  of  water  these  cannot  be  recommended 
for  all  conditions. 
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Fig.  25.    Reinforced  Concrete  Floor  for  Through  Plate  Girder  Bridge. 

C.  B.  &  Q.  R.  R. 

"(6)  Surface  brush  coatings,  such  as  oil  paints,  and  varnishes,  are  not  considered  relial^fff 
lasting  for  waterproofing  of  masonry.'* 

The  membrane  method  of  waterproofing  bridge  floors  will  be  shown  by  describing  the  standard 
methods  of  waterproofing  in  use  by  two  railroads. 

CHICAGO,  MILWAUKEE  &  ST.  PAUL  RY.  SPECIFICATIONS  FOR  WATERPROOnHG. 
The  specifications  of  the  Chicago,  Milwaukee  &  St.  Paul  Ry.  for  waterproofing  are  as  follows: 

The  necessary  provision  for  drainage  and  expansion  must  be  made  in  designing  the  structure- 
The  waterproofing  should  never  be  compelled  to  resist  hydrostatic  pressure,  and  the  membrane 
should  always  be  protected  by  a  layer  of  concrete. 

(i)  Preliminary. — Fill  all  openings  and  pockets  in  the  concrete  except  expansion  joints 
with  cement  mortar,  and  round  off  all  sharp  corners.  Wherever  waterproofing  stops  on  a  vertical 
surface  the  end  should  be  flashed  into  a  groove  in  the  concrete. 

(2)  Preparing  the  Surface. — Thoroughly  clean  and  dry  the  concrete  surface  using  wire 
brushes  and  being  careful  to  remove  all  the  laitance.  If  necessary  use  hot  sand  to  dry  the  con- 
crete. Apply  a  coat  of  gasolene  to  the  clean  dry  surface  and  follow  with  a  coat  of  cold  priintf« 
spreading  the  primer  evenly  with  a  brush.  Omit  the  primer  where  tar  paper  is  to  be  p\aced  and 
over  expansion  joints. 

(3)  Laying  the  Burlap. — After  the  primer  coat  has  completely  dried,  apply  a  coat  of  pure 
hot  asphalt,  and  mop  until  the  layer  has  a  thickness  of  i  in.  While  the  asphalt  is  still  hot  b^ 
laying  the  burlap.  Lay  the  first  strip  of  burlap  transverse  to  the  drainage  at  the  lowest  po&t. 
Lay  the  strips  shingle  fashion,  as  for  tar  and  gravel  roofs,  and  parallel  to  the  first  strip  working 
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aymmit  and  exposing  one-third  of  each  width  of  burlap  to  the  weather.  Press  each 
ly  inio  the  asphalt,  then  mop  well  with  pure  mckcd  asphalt  taking  care  to  thoroughly 
the  burlap  and  to  fill  all  cracks  and  blow  holes.  Lap  the  joints  in  the  strips  6  In,  On 
hply  layer  of  burlap  eipread  a  continuous  layer  of  hot  asphalt  mopping  well  until  a  layer 

ol>UiiniML     See  (f)  Fig*  26. 

Summit  Joints. — After  the  work  has  been  brought  up  to  the  desired  point  from  both 
erlap  in  order  the  strips  which  reach  across  the  joint,  mopping  asphalt  between  burlap 
.  Place  a  strip  of  burlap  along  the  joint  for  a  closing  strip;  and  complete  by  laying  the 
I.  of  asphalt  as  before  described.     See  (gj  Fig.  26. 

k>agitudmal  Joints. ^ — If  possible  the  waterproofing  should  be  laid  in  one  run  the  full; 
nsvcrse  to  the  drain  slojie  of  the  surface  to  be  waterproofed.  The  ends  of  the  burlap 
Uld  be  rtiished  into  recesses  in  the  walls,  curbs  or  parapets  as  shown  in  (e)  Fig.  26.  Where 
li;sl  ioints  arc  necessary  cut  the  burlap  long  enough  to  extend  12  in.  beyond  the  primed 
Ui'  '  face  of  the  concrete  and  use  care  as  the  strips  are  laid  that  the  12  in.  strip  is 
f  lit.     When  the  succeeding  section  is  to  be  waterproofed  fold  back  the  projecting 

I  ■■'■  -^he  completed  waterproofing  and  bring  the  new  up  against  the  completed 

ii  jfing*  inttrlapping  the  projecting  ends  of  the  burlap  with  the  new  burlap 

.  (f)  Fig,  26.     On  concrete  trestle  or  subway  slabs  longitudinal  joints  in 

>roofmg  should  preferably  be  on  the  center  line  of  the  slabs.     If  it  is  necessary  to  place 

le  waterpn:>ofing  ov^^er  joints  in  the  slabs  special  care  should  be  taken. 

Expansion  Joints. ^ — Lay  two  continuous  strips  of  tar  paper  36  in*  wide  over  the  expansion 
IK  canful  to  sec  that  no  asphalt  gets  between  or  under  the  two  strips  of  tar  pa|xr.  Then 
t  '1  hot  asphult  and  carry  the  waterproofing  over  the  top  of  the  paper  the 

[f  'd.     See  (b)  and  (h)  Fig.  26. 

C^Mi^.^^^  *';Mvectioii. — After  the  i  in.  layer  of  asphalt  on  top  of  the  burlap  has  become 
fftd  a  I  in.  layer  of  concrete  evenly  over  the  surface.  Then  press  a  layer  of  expandtsj 
^  the  concrete,  and  cover  the  metal  with  a  layer  of  concrete  J  in.  thick  making  the  total 
lof  the  concrete  li  in.,  and  trowel  the  concrete  smooth.  Protect  the  concrete  from  the 
.  hours  after  laying.     The  joints  in  the  expanded  metal  should  be  lapped  6  in.     See  (d) 

laterials. —  Burlap, — The  burlap  is  to  be  treated  8  oz.  open  mesh  furnished  in  widths 
Id  42  in. 

rrl*'.— The  concrete  is  to  be  t  part  Portland  cement,  2  parts  torpedo  sand,  and  3  parts 
^vel  that  will  pass  a  )  in.  ring. 

»r. — The  mortar  is  to  be  I  part  Portland  cement  and  2  parts  washed  torpedo  sand. 
irr. — The  primer  is  made  by  pouring  hot  asphalt  in  80  per  cent  gasolene  until  mixture 
jd  neadtly  with  a  brush. 

a//. — Purv  asphalt  conforming  to  accepted  specifications  is  to  be  used.  Before  using 
It  heat  it  in  a  suitable  kettle  to  a  temperature  not  exceeding  450**  F.  The  temperature 
iken  with  a  thermometer.  Asphalt  heated  above  450  degrees  F.  or  giving  off  yellow 
r    •       '      ;i  nj  ed  as  o vx*  r h  eated . 

U  Oii. — The  expanded  metal  is  to  be  equivalent  to  Northwestern  Expanded 

^'..      ^.  .:i.  No.  16  Regular"  expandef I  metaU 
\p(3  6^r. — The  tnr  pai>^r  will  he  furnished  in  rolt^  ^6  in.  wide. 

CAGO,  BURLINGTON  &  QUINCY  R.  R.  SPECIFICATIONS  FOR  WATERPROOF- 
t  itions  f>f  the  Chicago^  Burlington&Quincy  R.  R*forw*aterproofing  are  as  follows: 

ti  n*— The  waterproofing  >hall  consist  of  a  mat  of  4- ply  of  burlap  and  I -ply  of 

>i  I  and  bonded  together  with  waterproofing  asphalt  and  covered  with  one 

I  '  mastic. 

P  cue  Surface. ^The  surface  of  the  concrete  shall  be  smooth,  clean  and  dry, 

i^  ipply  a  coat  of  primer,  which  shall  l>e  thin  enough  to  penetrate  the  concrete 

rage  for  the  waterproofing.  No  waterproofing  shall  be  done  when  the  temperature 
I  60  decrees  F. 

_l]riii^  the  BurUp. — After  the  priming  coat  has  dried,  a  heavy  coat  of  waterproofing 
iteti  to  a  tern  pern  til  re  of  400  degrees  F.  shall  be  applied  with  mops  the  width  of  the 
whilp  fhr  asphalt  is  still  hot  a  layer  of  burlap  shall  be  Iwddcd  in  it.     The  burlap 
'■'    I  the  mopping  and  shall  be  swept  free  from  fulds  and  pf»ckets  with  a  broom, 
ip  shall  l>e  heavily  mopped  with  waterproofing  asphalt.     Three  more  ply 
i  iifi  in  the  same  manner,  making  a  4-ply  burlap  mat  all  thoroughly  saturated 

M'T. 

burUp  mat  shall  be  hea\nly  mopped  with  asphalt  and  one  layer  of  felt  saturated 
lit  •h*ill  l>c  laid  on  the  burlap  and  the  edges  of  the  felt  lapped  at  least  3  inches  and  sealed 
Jl,     The  top  of  ihi*i  felt  shall  also  be  mopped  with  w*aterproofing  asphalt. 

ProfectJOQ, — Till   liurf-ip  and  felt  mat  shall  lie  covered  with  one  inch  of  asphalt 
^  nnr  It*. r  r    thr  ttiistir  n.  hn-  rrmini>st'd  of  one  part  Waterproofing  asphalt  and  four 
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chaf,  r 


parts  fine  gravel  graded  from  1  in.  to  fine  sand.     The  top  of  the  mastic  shall  be  leveled  off  wil 

wooden  floats  and  mopped  with  waterproofing  asphalt. 

(5)  Expansion  Joints. — At  all  expansion  joints  in  the  concrete  a  fold  to  allow  for  the  r3 
[Mansion  of  the  structure  shall  be  formed  by  laying  the  burlap  and  felt  over  a  one-inch  pipe;  th 
pipe  being  removed  as  the  mat  is  being  completed, 

(6)  Splices  and  Flashmg.— Where  the  work  is  stopped  before  being  completed  at  least  5  t^ 
of  burlap  at  the  end  and  one-half  the  width  of  the  burlap  at  the  aide  shall  be  left  exposed  to  fonn 
splice. 

Special  care  shall  be  taken  to  seal  the  waterproofing  at  the  sides  and  ends  of  the  bridge.  Thi 
burlap  and  mastic  shall  be  carried  up  the  parapet  walls  at  the  sides  and  the  ends  of  the  burbj 
shall  be  concreted  into  a  recess  in  the  walls  so  that  no  water  can  enter.  The  burlap  shaU  h 
carried  down  over  the  back-walls  at  the  ends  of  the  bridge  to  cover  all  construction  joints  aiu 
shall  run  into  a  line  of  tile  to  facilitate  the  escajje  of  the  water. 

(7)  Materials.^ — Burlap. — ^The  burlap  is  to  be  8  oz.  open  mesh  high  grade  burlap  saturatH 
with  an  asphalt  meeting  the  specifications  for  waterproofing  asphalt.  It  shall  come  in  roll 
which  shall  be  placed  on  end  for  shipment  and  storage,  and  shall  not  stick  together  in  the  rolL 

Felt, — The  felt  shall  be  a  good  quality  of  wo*:il  felt  saturated  and  coated  with  an  aspbal 
meeting  the  spiccifi  cat  ions  for  waterproofing  asphalt.  It  shall  come  in  rolls  which  shall  be  placrt 
on  end  for  shipment  and  storage,  and  shall  not  stick  together  in  the  roll.  It  shall  not  weigh  kd 
than  15  lb.  per  100  srj.  ft. 

Primer. — The  primer  shall  be  an  asphaltic  compound  of  approved  quality  and  ^pabled 
adhering  firmly  to  the  concrete. 

Waterproofing  Asphalt, — The  waterproofing  asphalt  shall  meet  the  following  requirementat 

1.  The  specific  gravity  of  the  asphalt  desired  shall  be  greater  than  0.95  at  77  degrees  F, 

2.  The  flowing  point  shall  not  be  less  than  100  degrees  F.  nor  more  than  140  degrees  F. 

3.  The  Hash  point  shall  not  be  lower  than  450  degrees  F. 
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Fig.  26.    Standard  Metbod  of  Waterproofing  Bridge  Floors.     C.  M.  &  St.  P.  Rt* 

4  The  penetration  at  80  degrees  F,  for  a  period  of  30  seconds  shall  be  at  least  15  millii;ict«* 
and  must  not  exceed  20  millimeters.  This  penetration  to  be  measured  with  a  Vicat  needle  weignu^ 
100  grams  one  end  being  one  millimeter  in  diameter  for  a  distance  of  6  centimeters,  ^ 

5.  When  heated  to  a  temperature  of  325  degrees  F*  for  7  hours  the  loss  in  weigh*  ^      ' 
exceed  2  per  cent  and  the  penetration  of  the  residue  at  80  degrees  F.  and  for  the  j . 
'ficconds  using  the  same  instrument  as  described  above  shall  not  be  reduced  more  than  5.  ^ 

6.  The  total  soluble  in  cartxjn  bisulphide  shall  not  be  less  than  99  per  cent. 

7.  The  total  soluble  in  88  degree  naptha  shall  not  be  less  than  70  per  cent. 

8.  The  total  inorganic  matter  or  ash  shall  not  exceed  one  per  cent. 

a,  AVube*^ofthc  asphalt  one  inch  on  edge  shall  be  soft  aod  malleable  at  a  temperature 
jcefp  degrees  F* 
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b.  A  film  of  the  asphalt  having  a  thickness  not  less  than  ^  inch  shall  be  so  pliable  at  «!0 
degrees  F.  that  it  can  be  bent  in  a  radius  of  2  inches.  The  total  time  consumed  in  the  bending 
of  this  film  shall  not  exceed  3  seconds. 

10.  The  asphalt  shall  not  be  afTected  by  any  of  the  following  solutions,  after  being  immersed 
in  them  for  a  period  of  3  days: — (a)  a  25  per  cent  solution  of  sulphuric  acid;  (b)  a  25  percenl 
solution  of  hydrochloric  acid;  (c)  a  20  per  cent  solution  of  ammonia. 

FLOORBEAM  CONNECTIONS.— The  details  of  fioorbeam  connections  depend  upon  the 
clearance,  depth  of  truss,  length  of  panels  and  type  of  floor.  A  standard  type  of  floorbeam  con- 
nection for  a  pin-connected  truss  of  150  ft.  span  is  shown  in  Fig.  28,  and  details  of  the  lower  lateral 
connection  are  shown  in  Fig.  27.     Details  of  a  floorbeam  connection  for  a  pin-connected  truss  with 
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Intermediate  Floor  Beam 

Fig.  29.     Intermediate  Floorbeam  Connection.    A.  T.  &  S.  F.  Ry. 

four  stringers  is  shown  in  Fig.  29.  Details  of  a  floorbeam  for  a  riveted  truss  bridge  are  shown »» 
Fig.  40.  Details  of  an  end  floorbeam  are  shown  in  Fig.  40.  Details  of  the  standard  end  floorbeaitt 
of  the  A.  T.  &  S.  F.  Ry.  arc  shown  in  Fig.  30.  The  end  floorbeam  in  Fig.  30  is  supported  directly 
on  the  end  pin,  and  gives  a  very  satisfactory  solution  of  a  diflicult  problem  and  requires  the  driving 
of  a  minimum  number  of  field  rivets. 

PEDESTALS  AND  SHOES.— Details  of  standard  cast  steel  pedestals  and  shoes  as  designed 
by  the  Chicago,  Milwaukee  &  St.  Paul  Ry.  are  shown  in  Fig.  31,  Fig.  33,  and  Fig.  34.  Detaili 
of  segmental  rollers  are  shown  in  Fig.  32,  and  Fig.  35.  Details  of  expansion  bearings  for  plate 
girders  are  shown  in  Fig.  36,  and  Fig.  37.  Details  of  a  built-up  end  shoe  with  circular  roUcts 
are  shown  in  Fig.  40.     Details  of  a  built-up  end  shoe  and  segmental  rollers  are  shown  in  Fig.  4!' 

EXAMPLES  OF  PLATE  GIRDERS. — Details  of  an  85-ft.  span  single  track  deck  railway 
plate  girder  bridge  as  designed  for  the  Kansas  City,  Mexico  &  Orient  R.  R.,  by  Mr.  Ira  G. 
Hedrick,  Consulting  Engineer,  are  shown  in  Fig.  36.    The  upper  flanges  are  made  of  four  anglo 
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I  rovtr  plates*  so  that  the  tics  may  be  of  uniform  thickness  and  there  will  be  no  rivet  heatls^ 
irrc  with  placing  the  ties.     The  lower  flanges  are  made  of  angles  with  cover  plates.     These  J 
I  represent  the  most  modern  practice  in  the  design  of  deck  plate  girder  railway  bridges. 


^^^i: j^' 


Shf 


Cover  Pl■^5'^<i' 


-Z'22X-r^'S'Z^2j£-Z'X'2E'Z'Z'x:-: 


End  Post 


^'  END  Floor  Beam 


Fim  3fAM  Smi/T 


~:T 


^sutJi^dlJ,       End  Floor  Beam 

Fig.  30,    E?fD  Floorbeam  Connection*    A.  T.  &  S,  F.  Ry, 

\  of  a  6a-(t,  span  single  track  through  railway  plate  girder  bridge  as  designed  for  the 
1  Lines  arc  shown  in  Fig.  37.     The  details  of  the  bearings  are  shown*     Rollers  arc  used 
I  ends  of  spans  of  75  ft.  and  over.     Data  on  standard  plate  girder  bridges  designed 
noa  Standard  Sfx?«^ification?^  1006  arc  given  in  Table  L 

OF  TRUSS  BRIDGES.— The  marking  diagram  for  a  truss  railway  bridge  is 

Fig*  38w     The  lower  chord  joints  are  marked  Z*,  h\,  Lt,  etc.,  while  the  upper  chord 

mirlced  Ui^  Uu  etc.     In  detailing  a  truss  an  inside  view  of  the  left  end  of  the  farther 

1  b  •boim:  this  i»  marked  right  as  shown.     Details  of  a  single  track  through  riveted  truss 
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Fig.  31.    Pedestals.    Chicago,  Milwaukee  &  St.  Paul  Ry. 
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bridge  designed  for  the  Kansas  City,  Mexico  &  Orient  R.  R.,  by  Mr.  Ira  G.  Hedrick,  Consultiiv 
Engineer,  are  shown  in  Fig.  39  and  Fig.  40.  The  end-posts  and  top  chords  are  made  of  two  15 
inch  channels  with  a  cover  plate,  and  the  lower  chords,  the  posts  and  the  main  ties  are  made  of 
two  channels  with  the  flanges  turned  in.     The  total  .weight  of  the  steel  in  the  span  was  303,000  Ih. 


— -^-^-- >i  jC  i<^4i'-/'-/i'ai' 
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Fig.  35.     Details  of  Segmental  Rollers  for  Girders. 
Chicago,  Milwaukee  &  St.  Paul  Ry. 


Details  of  a  double  track  through  riveted  truss  bridge  designed  for  the  Chicago  &  North- 
western Ry.  arc  given  in  Fig.  41.  The  bridge  has  a  span  of  170  ft.,  the  trusses  are  spaced  29  ft 
I  in.  centers,  and  the  bridge  has  a  vertical  clearance  of  22  ft.  6  in.  This  bridge  has  trusses  with 
triple  intersection  webs,  and  has  a  ballasted  track  carried  on  a  steel  plate  trough  floor.  Thi» 
bridge  was  designed  for  a  dead  load  of  4,570  lb.  per  lineal  ftxjt  for  each  truss  and  an  E  50  live  load. 
There  is  a  top  lateral  system  of  multiple  X-bracing  made  with  F>airs  of  angles  latticed,  and  «w»y 
bracing  of  transverse  top  chord  struts  and  portals. 

Detail  shop  drawings  of  the  end-post  of  a  pin-connected  truss  bridge  are  given  in  Fig.  42,  and 
the  detail  shop  drawings  of  the  end  section  of  the  top  chord  of  the  same  bridge  are  given  in  Fig.  43* 
The  standard  methods  of  detailing  compression  members  are  shown. 

Details  of  a  single  track  pin-connected  truss  bridge  designed  by  Mr.  Ralph  Modjeski  for  the 
Northern  Pacific  R.  R.  are  given  in  Fig.  44,  Fig.  45  and  Fig.  46. 

SPECIFICATIONS  FOR  RAILWAY  BRIDGES.— To  determine  the  present  practice  in 
the  design  of  railway  bridges  the  author  has  made  a  study  of  the  latest  available  speciiicatioos. 
As  a  basis  for  comparison  the  sixteen  specifications  given  in  Table  XI,  were  selected  as  being 
representative  of  the  best  practice.  Several  other  prominent  railroads  have  adopted  the  speci- 
fications of  the  American  Railway  Engineering  Association,  so  that  the  sixteen  specifications  co%'er 
the  major  part  of  the  railroad  mileage  in  North  America.  The  standard  specifications  of  the 
Chicago,  Milwaukee  and  St.  Paul  Ry.,  the  New  York,  New  Haven  and  Hartford  R.  R.,  and 
the  Canadian  Society  of  Civil  Engineers,  all  adopted  in  1912,  are  based  on  the  standard  spect- 
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fications  of  the  American  Railway  Engineering  Association;  the  spedficationB  in  each  case  di£Ferq| 
from  the  specifications  of  the  American  Railway  Engineering  Association  only  in  requirenieiiti 
for  clearances,  and  in  minor  clauses,  and  clauses  required  to  cover  individual  practice,  and  knl 
conditions  of  the  individual  roads. 

TABLE  XL 

RAILmYB/^/D6E  CUARANCBS 
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Fig.  47.    Clearance  Diagram. 


The  present  practice  is  to  use  the  specifications  of  the  American  Railway  Engineering  Associ- 
ation as  a  basis  for  specifications  and  to  add  such  additional  clauses  as  may  be  necessary  to  co\'er 
the  practice  of  the  individual  railroad.  Several  railroads  have  adopted  the  specifications  of  the 
American  Railway  Engineering  Association  and  issue  supplementary  instructions  to  cover  their 
individual  practice;  see  standards  of  Chicago,  Milwaukee  &  St.  Paul  Ry.  which  follow  the 
A.  R.  E.  A.  specifications  in  this  chapter.     The  specifications  of  the  American  Railway  Engineering 
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n  one  n^printed  in  the  last  part  of  this  chapter.  To  show  the  present  practice  in  the 
of  railway  bridges  as  given  in  the  sixteen  different  specifications  the  most  important  vari- 
licjos  fnwn  the  American  Railway  Engineering  AsstJciation  S[)ecifications  will  be  briefly  discussed, 
lie  secrions  in  the  sped^caUons  of  the  American  Railway  Engineering  Association  will  be  referred 
0  by  number. 

J2,  Clearances. — The  clearances  for  through  single  track  bridges  on  tangent  arc  given  in 
'able  XL     The  clearances  on  curves  differ  considerably.     Standard  formulas  for  calculating 
clearances  on  curves  are  as  fallows: 


Nomenclature,  Fig.  47: — 
*  of  curve 
of  curve,  in  feet 
ncc  width  on  tangent 
rdinate  to  chord  of  length  A 
rdinate  to  chord  of  length  B 
nid-ordinate  to  chord  of  length  L 
nount  of  superelevation  in  feet  which  is 
taken  up  in  floor  of  span 
eight  of  car  or  distance  from  top  of  upf>er 
flange  or  chord,  whichever  is  least 
[j(iiiional  clearance  required  on  account 
*  re  leva  t  ion 

arance  from  center  line  of  bridge 
L.irance  from  center  line  of  bridge 


Formulas: — 


.000021 8i7B*'Z> 
.oooo2i8i7Z**Z> 

^X  k  =  o,2e'k  (c,  toe. 


=  .00002 1817^*  D 


rails 
—  5  ft,  nearly) 


-  -f  fl  -  6  -f  - 
2  2 


H^T 


+  -+S 


For  Standard  Car 

A  -  8o'-o"  B  =  6o'-o" 

a  -  0.13960 

b  =  .07854/) 

tv 
G  =  — j-  (.06109  "f  .00001 0909  £,*)!? 

H  =  -  -h  {.07854  -h  .0000109091*)/) 

-h  o,2e '  h 
he  following  specifications  indicate  the  present  practice  of  several  railroads. 

York  Central  Lines. — Single-track  through  bridges  on  curves  shall  have  the  location  of 
lis^cs  or  girders  and  the  width  between  clearance  lines  as  shown  in  Figs,  48  and  49. 


Fig.  45- 


ClfAPAHCE  Lmt- 

^"^ 

Fig,  49. 


literal  clearance  from  center  line  of  track  required  by  clearance  diagram  for  tangent  aline 
mrnt 

dinate  of  curve  for  a  chord  equal  to  span  length. 

for  overhang  of  a  car  85  ft,  long,  with  trucks  60  ft.  c.  to  c;  to  be  taken  as  one  inch 
I  degree  of  curve. 

inches  (on  the  inside  of  the  curve  only)  on  account  of  the  superelevation  of  the 
''    ^o  be  taken  as  follows: 
t'or  '  m  15  ft-  to  22  ft.  above  the  top  of  rail;  Y  =  ^  inches  per  inch  of  sup>crelevation. 

For  r    _  )m  3  ft.  9  in.  to  15  ft.  above  top  of  rail;  Y  =  5-/1/5  (to  use  with  W  —  7  ft. 

6  in.). 
^nr  hrfphf«  from  top  of  rail  to  3  ft.  9  in,  above;  F  «  j(*  -f  i.5)/4. 
I  in  inches, 
:  Ljp  of  rail  in  feet. 
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Cooper's  Specifications, — ^The  additional  clearance  for  curves  is  to  be  as  follows:  o.S$D 
s  inches  on  each  side;  i./oD  =  inches  between  track;  where  D  ^  deeree  of  curve. 

N.  F.,  N,  H,  df  H.  R.  R. — ^The  additional  clearances  on  curves  will  be  as  follows:  i.oo  X  P 
=  inches  on  each  side;  IJSD  »  inches  between  tracks,  where  D  ^  degree  of  curve. 

Types  of  Bridges. — ^The  present  practice  is  to  use  plate  girders  for  spans  up  to  no  or  120  ft, 
riveted  trusses  for  spans  of  from  100  to  200  or  250  ft.,  and  pin-connected  trusses  for  spans  of 
about  200  ft.  and  upwards.  Riveted  truss  bridges  of  300  and  400  ft.  span  are  not  uncommon. 
The  types  of  bridges  and  minimum  lengths  of  span  as  given  in  twelve  specifications  are  given  io 
Table  XII. 

TABLE  XII. 
7y/>£5  OFBRmfS  AND  LENGTHS  OF  SPAN- 


SpeciFication 

Rolled 

Beams 

Ft- 

Plate 

Girders 

Ft- 

Riveted 

Trusses 

Ft- 

fbOmeded 

Trusses 

Ft- 

ZATSSFRy-Sysfem,    I90Z 

Z6toi4 

26tol06 

mtoiso 

ISOandop 

i- Baltimore  &  Ohio,          1904 

30 

iOtollO 

mto/50 

ISOaodvp 

B-  Chi-.lfock  Island ^lic-M-jm 

19 

19  to  110 

lOOtoZOO 

ZOOandup 

7-  Common  Standard,         1909 

19 

I9tol00 

lOOtolSO 

Mandup 

8-  Cooper,                       1906 

ZO 

ZOtoIZO 

IZOtolSO 

IBOaodup 

9 -Illinois  Central,            1911 

11 

ZItolOO 

lOOtelSO 

150  and  up 

10- Kansas  City,  Mexico&0rient,l907 

ZO 

ZOfolOO 

lOOtoZSO 

Z50andup 

II- Lehigh  Valley,              1911 

15 

ZSfollO 

110  to  160 

IBOandup 

l^■Ne,y  rork  Central,       1910 

Z5 

ZBtollO 

llOtolSO 

ISOandup 

14-Fem- Lines  IVestefmiay/i,m 

tolOO 

IOOtoZ50 

ZSOandup 

IS-National  Lines  oF  Mexico,  1907 

50 

Z 5  to  SO 

SOtolBO 

I50andup 

l7l>epvtmttt0Flf3ilit9sof6n3d3,IM 

IS 

18  to  100 

lOOtoZOO 

Z00tv600 

§3.  spacing  of  Trusses. — The  present  practice  is  not  to  put  requirements  for  spacing  of 
trusses,  lengths  of  span,  types  of  bridge,  etc.,  in  the  specifications  but  to  prepare  office  standards 
for  the  use  of  engineers  and  draftsmen.  Data  on  spacing  stringers,  girders  and  trusses  arc  given 
in  Table  XIII.  The  spacings  for  Illinois  Central  R.  R.  deck  girders  are  given  in  Figs,  ii,  12  and 
13,  and  of  Common  Standard  Bridges  in  Table  I. 

The  Chicago,  Milwaukee  and  St.  Paul  Ry.  spaces  girders  7  ft.  6  in.  west  of  the  Missouri 
River,  and  8  ft.  east  of  the  Missouri  River.  The  Northern  Pacific  R.  R.  spaces  stringers  8  ft. 
for  spans  of  150  to  200  ft. ;  and  deck  girders  8  ft.  for  80  ft.  spans. 

§5.  Ties. — The  present  practice  is  to  calculate  the  size  of  stringers  for  the  specified  fiber 
stress.  Fifteen  specifications  require  that  the  wheel  load  be  considered  as  carried  by  three  ties, 
and  one  specification  by  four  ties.     Data  on  ties  are  given  in  Table  XIV. 

The  Illinois  Central  R.  R.  uses  ties  on  deck  girders  as  follows: 


Deck  Spans. 

Distance  Centers. 

Ties. 

60  ft.  and  under 
60  ft.  to    80  ft. 
80  ft.  to  100  ft. 
100  ft  to  1 10  ft. 

7  ft. 

8  ft. 

9  ft. 

9Ht. 

8  in.  X    8  in.  X  10  ft. 

8  in.  X  10  in.  X  12  ft. 
10  in.  X  10  in.  X  12  ft. 
10  in.  X  12  in.  X  12  ft. 

§6.  Dead  Loads.— Data  on  dead  loads  arc  given  in  Table  XV. 
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^B                                               TABLE  XI 1 1. 

1                       SPAcm  OF  GmEi^s  AND  Trusses 

: 

1   SpedFicBtion 

6/rders 

Trusses 

Stringers 

Deck  Girden 

Deck 

Through 

\k^  fy  h^'Ass^^,    m 

5p3n/70 

5p3n0 

Sptn/ZO  J 

^^&Ohh          1904 

^r 

not  Jess  thn  66" 

not  less  than  fO-'O" 

5px/70^ 

^/sbiNfS/kMjm 

7Y 

upto60Ft;7'0' 
kFttoS0Ff.,8-'0" 

Spsn/ZO 

mn  Sfsaddtd,       1909 

PO" 

up  to  60  Ft,  7V 
60  Ft  to  SO  Ft;  8-0' 
SO  Ft  to  100  ft, 10^' 

lOOFttollOFtJO^ 
IIOFttolSOFt,li'6^ 
mFttol50Ft-M'0 

^r,                    1906 

6-6' 

not  less  than  6^6 

wis  Central          1911 

4sfringers 
sp3cedZ-'6' 

up  to  60  Ft;  PC 

^SO'FttoSOFtJ-'O" 
SOFtts/OOFt;  $-'0" 
IOOFftellOFt.,9i6'' 

IOOFt'tollOFt;l&0" 
llOFtiol50Ff;l7-'0' 
mFftol50FF.m' 

Cify^Mexko  it  Orient^  1907 

7-'0" 

ijptoS0Ft.,7-'0' 
oyer  80  Ft;  S-'O" 

Sp3n/70 

i^h  mey,           19  1! 

6^6" 

i/pfo75Ff;6'6" 
73FftomFt;7t)' 
mFtfili5Ft;rS't>0 

vY&rk  Centra,      1910 

6^ 

up  fo  75 Ft;  6-6' 
oyer  75  FF,  7-'6' 

5psn/l5 

^tmslTesnfPimff^M 

6-6: 

F^r45fringir$ 
tHFterpir  J-Ol 
merpiirSry 

er 

1miffiFM^^CmJiJ90i 

g-r 

Single  Tr^ck,  S-'O" 
Double  Trxk,  6^6" 

lO^'or^Span- 

Sp^n/lO 

Live  Loads.— Data  for  live  loads  are  given  in  Tabic  XVL     The  type  of  en^ne  is  giv 
:ond  column  and  the  weight  in  thousands  of  pounds  of  a  single  engine  without  tent 
Mile  third  column;  the  special  loadings  ami  the  spacing  of  the  loads  arc  given  in  l 
^^^bh  columns;  the  impact  formulas  are  given  in  the  sixth  column;  the  allowable  tens 
^^^^gi  in  the  seventh  column,  and  the  equivalent  loading  is  given  in  the  last  colun 
^^^^B^ing  is  found  by  multiplying  the  loading  in  the  second  c»:>lumn  by  i6,ooo  a 
B^^^Bpwable  tensile  strength.     The  present  standard  loading  on  tru  nk  lines  is  Coope 

K.  Al   *  ^t.  p.  Ry.  uses  E  6o  followed  by  a  tram  load  of  7,000  lb.  per  hneal  foot  of  tra 
■b  V                Duluth  &  Iron  Range  R.  R.  uses  E  60  followed  by  a  train  load  of  8,000 

^HjL^^tit  11  icd  "Rolling  Loads  on  Bridges"  published  in  Bulletin  No.  i6f,  Am.  f 
^^^^■■tniber  1913,  Mr.  j.  E.  Greinef.  Consulting  Engineer,  ha:s  tabulated  the  1 
^^H^K'T-   mrliirling  all  but  one  of  the  nmds  in  Table  XVL     Of  the  39  roads  thtrte 
^Vl                           >  E  60;  four  equal  to  E  57;  seven  equal  to  E  55;  one  equal  to  E  , 
^Bl                          1  10  E  47;  one  equal  to  E  45,  and  one  equal  to  E  65. 
Bcf  y^  r*>Ad^  considered  26  roads  use  the  impact  formula  of  the  Am»   Ry.  Eng.  Assc 
^flda  tiac  a  tctisiic  stress  ol  i6»ooo  lb.  per  sq.  in.     The  highest  tensile  stream  \^  \ft,wio 

en 
ler 
he 
«le 
in, 
nd 
r*a 

ick 
lb. 

ty. 

ve 

-en 

53: 

«•.; 
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TABLE  XIV. 
Data  on  Ties  on  Bridges. 


Chap.  IV. 


specifications. 

Minimum  Sise  and  Spadng  of  Ties. 

Data  for  Design.         | 

Sixe. 

Length. 

Fiber  StieoB. Lb. 
perSq.  In. 

ImpKt, 
Percent 

I.  Am.  Ry.  Eng.  Assoc. 

10  ft. 
12  ft. 
9  ft. 
10  ft. 
10  ft. 

6  in. 
12  in.  centers 
6  in. 
6  in. 
6  in. 

4  in. 

2,000 
1,400 
1,000 
2,000 
2,000 

100 

none 
100 
100 

2.  A.T.  &St.  F.  R.  R.. 

3.  B.  &0.  R.  R 

4.  B.  &M.  R.  R 

c.  C.  M.  &  St.  P.  Ry... 

8  in.  X  8  in. 
8  in.  X  8  in. 

6.  C.  R.  L&P.  R.  R... 

7.  Common  Standard... 

8.  Cooper 

8  in.  X  10  in. 

1,000 
1,500 
2,000 

none 
100 

9.  Illinois  Central  R.  R. 

10.  K.  C..M.&0.  R.  R. 

11.  L.  V.  R.  R 

12.  N.  Y.  Central  Lines. . 

r6"  X  8"  flat 
•I  Four  lines  of 
I    stringers) 
8  in.  X  10  in. 

10  ft. 
10  ft. 

13  in.  centers 

on  edge 

6  in. 

13.  N.  Y.,  N.  H.  &  H. 
R.  R 

10  ft. 

6  in. 

2,000 

100 

14.  Penna.  W.  of  Pitts- 
burgh  

ic.  Nat.  L.  of  Mexico . .  . 

4  in. 

1,000 
1,800 

none 
100 

16.  Can.  Soc.  C.  E 

TABLE  XV. 
Data  on  Dead  Loads. 


Specifications. 

Weight  in  Lb. 

Timber. 

Ballast. 

Concrete. 

Rails  and 
Fastenings. 

Total  Weight  of 
Floor.  Lb. 

2.  A.,  T.  &  S.  F.  R.  R 

3.  B.  &0.  R.  R 

4.  B.&M.R.R 

5.  C.  M.  &  St.  P.  Ry 

7.  Common  Standard 

4i 

4§ 

4 

4I 

Timber  Ballasted 
Deck  1400 

130 
150 
ISO 

100 
ISO 
ISO 

100 
100 

500 
400  min. 

8.  Cooper 

4i 
Creosoted  5 

no 
100 

9.  Illinois  Central  R.  R 

10.  K.  C,  M.  &  0.  R.  R.. . . 

ISO 

100 

400 

MS 

11.  Lehiph  Valley  R.  R 

12.  N.  Y.  Central  R.  R 

13.  N.  Y.,  N.  H.  &  H.  R.  R. 

14.  Penna.  W.  of  Pittsburgh 

15.  Nat.  L.  of  Mexico 

17.  Dept.  of  R.  R.  of  Canada 

t 

150 
ISO 
ISO 

170 

ISO 
ISO 

120 
100 

400 

4 
4 

100 

120 

600  * 

www 





per  sq.  in.  and  the  lowest  is  15,000  lb.  per  sq.  in.  Of  the  39  roads  considered  all  except  one  use  a 
concentrated  system  of  engine  loadings;  one  road,  the  Pennsylvania  Lines  West  of  Pittsburgb. 
uses  a  uniform  load  of  5,500  lb.  per  lineal  foot  of  track  and  an  excess  load  of  66,000  lb.  on  one 
axle;  no  road  is  using  an  equivalent  uniform  load.  For  data  on  the  heaviest  locomotives  in  service 
and  the  relative  stresses  due  to  these  locomotives  compared  with  E  50  loading  see  Table  II. 

Mr.  Greincr's  conclusion  is  that  E  50  bridges  will  safely  carry  all  loads  that  can  be  carried 
without  increasing  the  present  vertical  and  horizontal  clearances. 
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TABLE  XVL 
Live  Loads  for  Rajlway  Beidces. 


SpcciiiiJMitiifm . 


Eagioe. 


Special  Loads* 


Type 


Weight 

in  itooo 

Lb. 


Weicht 

per 
Track 

Two 


Lb. 


Spacini; 

of  Two 

Loads, 

Ft. 


Impact. 


TeosUc  Unit  Stre«B 
in  Lb. 


EQUJvaleiit 

Loading  in 

Terras  of 

Tensile 

Strese. 


1.  A,,  T.  &  S.  F. 

R.  R.,. 

3.  B.  ScO.  R.  R.,. 
4^  B.&M  R.  R- 

5.  C  M.  k  St.  P. 

Ry^.^ 

6.  C  R.  L  Sc  P. 

R.  R. 

7.  Common 

Sundani 
9.  jilinms  Central 
R.  R. 

RR 

IL  Lthiih  Valley 

II,  S.  Y.  Cenir*! . 

13.  .V  v.,  N.  H.  ic 

H,  R  R 

14.  Penna.  VV.  of 

Fittsburgh... 

1$.  Nat^  L.  of  Mex. 


ConsoL 
E50 
E60 

\E6o' 

Ess 

E55 

E55 

E45 

E60 
E60 

E60 

Excess* 
E60 


291.0 
225.0 
270.0 

247,5 
270,0 

2475 

H7'5 

H7.5 

202.5 

270.0 
270.0 

270.0 


60.000 
65,000 
68,750 
75.000 

68,750 


56,250 
75,000 

72»000 

65,000 


7i 
7 


270.0 


75.QOO        S 


Cooper 
A.R.E.A. 


Launbardt 

LL 
LL  +  DL 
A.R.E.A, 


Launhardt 
Cooper 


]  6,000 
16,000 

16,000 


16,000 


{ 


8,500(1+ ) 

\        max./ 


16,000 

18,000 

1 6,000 
18,000 

16,000 


E60 
E  50 
E60 

E55* 
E6o» 

E55 

Ess* 

Ess* 

E  40 

E60 
E53 

E60 
E65 


1.  C  M.  *  St.  P.  Ry.  uses  E  55 

2.  A  ufiiform  tniin  load  of  7,000 
3-  A  uniform  train  load  of  5,000 
4  A  uniform  train  load  of  6^otKi 
5.  Train  load  of  5,500  lb.  jxr  I  in 


cast  of  the  Missouri  River  and  E  60  west. 

lb.  per  iin,  ft.  on  ore  roads. 

III.  pL-r  Iin.  ft. 

\h.  per  tin.  ft. 

.  ft.  and  excels  load  of  66,000  lb. 


J9,  ImpftCL — ^Ten  of  the  sixteen  specifications  use  the  impact  coefficient  as  given  in  section  9, 
-  300/(L  -h  300).     Three  specifications  follow  Cooper's  method  of  using  dead  load  unit  stresaes 
qual  to  twice  the  live  load  unit  stresses,  with  different  stresses  fr»r  different  members.     Two 

^^yfications   use   Launhardt's  formula,    P  =  5  f  l  -|- ^-^ ^  1  where  P  =  allowable  unit 

^^m  \  max.  stress  / 

Ins,  amj  S  =  allowable  unit  stress  for  live  load  alone.     One  specification  uses  the  impact 

_^  ,     .^ Live  Load  Stress 

^^         *         Live  Load  Stress  -f  Dead  Load  Stress 

In  the  paper  referred  to  in  section  7,  Mr.  Greiner  found  that  26  roads  used  the  A.  R.  E,  A. 

ub  for  impact. 

(10  Jt  u.  Wind  Loads.— The  wind  loads  given  in  the  different  spiecifications  are  variable 
liid  MMcv  will  n^t  permit  going  into  detail.  Most  of  the  specifications  require  that  the  moving 
Hnd  l'>;id  on  -  !  chord  be  con^iidered  as  applied  at  6  or  7  ft.  ab*>ve  the  lop  of  the  rail. 

§13.  Centr  >rce. — Five  of  the  sixteen  specifications  haxx  the  same  requirement  as  in 

F13.      I  n<    n-ninlugal  force  of  a  body  moving  in  a  circular  path  is   C  =  W'V^I^2'2R, 
i\^  weight  of  live  load  per  lineal  frK)t:   V  =  velocity  of  train  in  feet  per  second,  and 
^«Tin..  ..f  ^nr^ .    ."n  i^»^^^^     fof  ^  sf>ccd  of  6o  —  2\D,   C  =  0.039 1^  f<*r  a  I  degree  cur\'e;  C  = 
rrve;  C  =  o,ii7W^for  a  4  degree  curve,  and  C  =  0.143H'  for  a  10  degree 
.  I   ns  require  that  the  centrifugal  force  be  applied  at  5  to  7J  feet  abov^e  the 

f  iiiona  take  the  centrifugal  force  as   C  =!  o.03W'^*P,  where  W  =  equivalent 

F  per  lineal  foot,  and  D  -  degree  of  curve;  one  takes  C  -  0.02H^*£>,  and  two 

I  n.     The  K.  C.  M.  &  O.  R.  R.  takes  C  -  WV^f^i  2R,  where  W  ^  enuiva- 

J*  I-¥id  per  lineal  fm:)t,  V  =  vcl«x*ity  of  train  in  feet  per  second  (calculated  for  50 

Bluth  i»-t  nijur,,  antl  R  =  radius  of  curvc  in  feet.     This  gives  C  *=  o.oigW-D, 
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.  §14.  Unit  Stresses. — For  a  comparison  of  the  tensile  unit  stresses  see  Table  XVL 
$22.  Alternate  Stresses. — Four  of  the  sixteen  specifications  use  the  same  specification  as  ii 
section  22.  Six  specifications  use  Cooper's  specification.  "All  members  and  their  connectioai 
shall  be  designed  to  resist  each  kind  of  stress.  Both  of  the  stresses  shall,  however,  be  consiiknd 
as  increased  by  0.8  of  the  least  of  the  two  stresses."  One  specification  increases  each  stress  bf 
0.60  of  the  lesser  stress,  one  by  0.70,  and  two  by  0.75.     One  specification  uses  Weyrauch's  formoh, 

P  a  5  (  I m>"'  s  ress_  \      ^j^g^^  p  ^  allowable  unit  stress  for  alternate  stresses,  and  S 

\         2  max.  stress  / 
=  allowable  unit  stress  for  live  loads  alone. 

§26.  Net  Sections. — Section  26  is  standard.  In  addition  the  method  of  calculating  the 
net  area  of  a  riveted  tension  member  is  given  in  several  specifications. 

Cooper  requires  that  "The  rupture  of  a  riveted  tension  member  is  to  be  considered  as  equally 
probable,  either  through  a  transverse  line  of  rivet  holes  or  through  a  zigzag  line  of  rivet  holes,  where 
the  net  section  does  not  exceed  by  30  per  cent  the  net  section  along  a  transverse  line.** 

The  Baltimore  &  Ohio  R.  R.  requires  that  **  The  greatest  number  of  rivet  holes  that  can  be 
cut  by  a  transverse  plane,  or  come  within  one  inch  of  the  plane  is  to  be  deducted  in  calculating 
the  net  section." 

The  New  York  Central  Lines  reauire  that  "The  net  section  of  riveted  members  shall  be  the 
least  area  which  can  be  obtained  by  deducting  from  the  gross  sectional  area  the  areas  of  hola  cut 
by  any  plan3  perpendicular  to  the  axis  of  the  member  and  parts  of  the  areas  of  other  holes  on  one 
side  of  the  plane,  within  a  distance  of  4  inches,  and  which  are  on  other  gage  lines  than  those  df  the 
holes  cut  by  the  plane,  the  parts  being  determined  by  the  formula:  i4(i  —  p/^),  in  which  i4  >  the 
area  of  the  hole,  and  p  »  the  distance  in  inches  of  the  center  of  the  hole  from  the  plane.'* 

The  Canadian  Society  of  Civil  Engineers  requires  "  There  shall  be  deducted  from  each  member 
as  many  rivets  as  there  are  gage  lines,  unless  the  distance  center  to  center  of  rivets  measured  in 
the  diagonal  direction  is  40  per  cent  greater  than  their  distance  center  to  center  of  gage  lines." 

§29.  Plate  Girders. — Seven  of  the  sixteen  specifications  require  that  plate  girders  be  pio- 
portioned  either  by  the  moment  of  inertia  of  their  net  section;  or  by  assuming  that  the  flanges 
are  concentrated  at  their  centers  of  gravity;  in  which  case  one-eighth  of  the  gross  section  of  the 
web,  if  properly  spliced,  may  be  used  as  flange  section.  Six  specifications  require  that  the  bending 
moment  all  be  taken  by  the  flanges.  Two  specifications  require  that  the  bending  moment  be 
taken  by  the  flanges  and  that  one-eighth  of  the  gross  section  of  the  web  be  taken  as  flange  area. 
One  specification  reauires  that  plate  girders  with  stiffeners  be  designed  on  the  assumption  that 
the  flanges  take  all  tne  bending  moment,  and  that  for  plate  girders  without  stiflFeners  one-eighth  of 
the  web  may  be  considered  as  flancfe  area. 

§30.  Compression  Flanges. — ^Two  specifications  require  that  the  flange  angles  shall  contain 
at  least  one-half  of  the  area  of  the  flange.  The  specifications  uniformly  require  that  the  com- 
pression flanjje  shall  have  the  same  gross  area  as  the  tension  flanvje. 

§36.  Counters. — Eight  specifications  require  that  counters  be  stiff  members.  Eight  speci- 
fications permit  adjustable  counters  and  laterals. 

§45.  Minimum  Angles. — Five  specifications  give  3I"  X  3"  X  I"  as  the  minimum  anek. 
Two  specifications  give  3"  X  2|"  X  i"  as  the  minimum  an^le.  On-?  soecification  requires  that 
the  vortical  leg  be  not  less  than  3  }  ".  One  specification  requires  that  connection  angles  for  stringers 
and  floorbcams  be  not  less  than  4"  X  4"  X  J";  one  specification  3i"  X  3J"  X  I",  and  one 
specification  6"  X  4"  X  I". 

§59.  Expansion. — Six  specifications  require  that  provision  be  mad"  for  an  expansion  of  i  in. 
for  each  10  ft.  of  span.  Five  specifications  require  that  provisi'>n  h'.*  mad.*  for  a  ran^e  in  tempera- 
ture of  150  degrees  F.;  one  for  180  degrees  F.  Three  specifications  require  that  provision  be 
made  for  an  expansion  of  i  in.  in  100  ft.;  one  for  an  expansion  of  i  in.  in  70  ft. 

§62.  Rollers. — Six  specifications  require  that  rollers  be  at  least  6  in.  in  diameter.  Fi>'e 
specifications  permit  rollers  4  in.  in  diameter.  One  specification  permits  rollers  3  in.  in  diameter. 
Cooper  requires  that  rollers  for  spans  up  to  100  ft.  be  4?  in.,  and  that  the  diameter  be  increased 
I  in.  for  each  10  ft.  increase  in  span  over  100  ft.  The  New  York  Central  R.  R.  requires  that  rollers 
shall  not  have  a  less  diameter  in  inches  than  3  -f  0.03  (span  in  feet). 

§68.  Stringer  Connection  Angles. — One  specification  requires  that  connection  angles  of 
stringers  and  floorbcams  be  not  less  than  4"  X  4"  X  I";  one  specification  3i"  X  3i"  X  T- 
and  one  specification  6"  X  4"  X  ?''• 

§77.  Camber  of  Plate  Girders. — Four  specifications  renuire  that  plate  girders  more  than 
50  ft.  long  be  cambered  A  in.  per  10  ft.  of  length.  Two  specifications  renuire  full  camber.  Two 
specifications  require  a  camber  of  yi^ij  the  span.  Two  specifications  require  a  camber  of  t«W  ^ 
span.  One  specification  requires  a  camber  of  J  in.  per  10  ft.  of  length,  one  specification  requires 
a  camber  of  A  in.  per  15  ft.  of  length.  Four  specifications  do  not  require  that  plate  girders  be 
cambered. 
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Feb  Stiffeners. — Seven  specifications  have  the  same  spec  ifi  cat  ion  as  given  in  section  79» 
k^tiona  require  that  stiffeners  be  spaced  not  to  exceed  depth  of  girder.  The  Baltimore 
R.  requires  that  stiffeners  be  spaced  not  to  exceed  depth  of  girder  or  6  ft-,  and  that  for 
6  ft.  6  in.t  stiflenens  shall  be  3J"  X  3i''  X  f"  angles;  for  webs  from  7  ft.  to  7  ft.  6  in,, 
ball  be  5"  X  3i"  X  I"  angles;  for  webs  8  ft.  and  over,  stifFeners  shall  be  6"  X  4"  X  J" 
he  New  York  Central  Lines  require  that  stifieners  be  spaced  not  to  exceed  depth  of 
ft.  6  in.;  near  ends  of  girders  the  spacing  shall  not  exceed  one-half  the  depth  of  girder 

few  York  Centra!  Lines  require  that  atiffeners  shall  have  an  outstanding  leg  not  less 
lc«  pluB  Af  ^^^  depth  of  the  girder, 

tiicago,  Milwaukee  8l  St.  Paul  Ry.  requires  that  stiffeners  bearing  against  6"  X  6" 
rsshallbes''  X  3^'  X  J":  and  against  8"  X  8"  flange  angles  shall  be  6^'  X3}"  X  I". 
Samber  of  Trusses*— Six  specifications  require  full  camber  a*  stated  in  section  81.  Six 
His  require  that  the  upper  chords  be  increased  i  in.  for  each  10  ft.  One  specification 
mi  the  upper  chord  be  incn^ased  i  in,  for  each  15  ft.  Two  specifications  recjuire  that 
tambcred  xVirv  the  span.     One  specification  requires  that  trusses  be  cambered  ^tjVo  ^^ 

^d  Members. — All  specifications  requine  that  hip  verticals  and  the  two  end  panels 

chords  (two  at  each  end)  be  stiff  members.     The  Common  Standard  specifications 

Lines)  require  that  the  bottom  chords  of  bridges  of  less  than  150  ft.  span  be  stiff 

The  Illinois  Central  R.  R.  retjuires  that  bridges  with  6  panels  or  less  shall  have  stiff 

ds.     The  New  York  Central  Lines  limit  the  six?cification  for  rigid  members  to  sfianB 

DO  ft, 

tye-bars. — Nine  specifications  permit  bars  to  be  out  of  line  i  in,  in  16  ft.  as  in  section  83. 
cation  p>ermit5  bars  to  be  out  of  line  1  in.  in  8  ft. 
tlmneous. — The  following  specifications  an?  of  interest. 

Stress. ^Pour  of  the  sixteen  specifications  require  that  diagonals  and  struts  be  designed 
ial  stress  of  10,000  lb.  in  each  diagonal, 

bn  Strut, — ^Two  of  the  sixteen  specifications  require  collision  struts* 
lias  An'jles*— 'Two  sjiecifi cations  require  that  angles  must  be  fastened  by  both  legs, 
fifications  require  that  angles  be  fastened  by  both  legs  or  only  one  leg  will  be  considered 
One  spt-cificarinn  requires  that  75  per  cent  of  the  net  area  be  considered  effective  where 
Edi$tene«i  by  one  leg,  and  90  per  cent  of  the  net  area  be  considered  effective  where  angles 
d  by  b<»th  legs. 

latin?  Dead  Load  Stresses. ^)nc  specification  requires  that  all  the  dead  load  be  con- 
Fr  - :  fi  the  loadctl  chord.  Two  specifications  require  that  three-fourths  of  the  dead 
V  iS  coming  on  the  loaded  chord  and  one-fourlh  on  the  unloaded  chord.     Two 

,..ire  that  two-thirds  of  the  dead  load  be  considered  as  coming  on  the  loaded  chord 
^rd  on  the  unloaded  chord.     Two  specifications  require  that  the  floc»r  load  shall  be 
i  taken  by  the  loaded  chord,  and  the  remainder  of  the  dead  load  to  be  divided  equally 
chords.     The  other  specifications  do  not  state  w^here  the  dead  load  shall  be  applied, 
latn  Bar. — Three  specifications  require  that  the  minimum  bar  shall  have  not  less  than 
11.     One  specification  permits  a  minimum  bar  1  \  in.  st^uare.     One  specification 
n/ase  of  80  per  cent  in  the  live  load  shall  not  increase  the  stress  in  the  counters 
I  ^ .  nt.     One  specification  has  a  similar  clause  with  70  per  cent  %'ariation. 
-The  shop  coat  of  paint  as  refiuircd  by  several  specifications  is  as  follows: 
lew  York  Central  Lines  use  red  lead  paint  mixed  by  the  following  formula: — 100  lb. 
^*d;  4  gillons  pure  open-kcttle-boiled  linseed  oil;  and  not  to  exceed  one-half  pint  of 
|»>japan  drier* 
«ston  &  Maine  R.  R.  and  the  New  York,  New  Ha%'en  &  Hartford  R.  R.  use  red  lead 
by  mixing  32  lb,  of  red  lead  to  one  gallon  of  linseed  oil. 

T.  &  S.  !^.  Ry.  gives  steel  wtirk  a  shop  coat  of  linseed  oil;  while  the  C,  R.  L  &  P. 
I  linseed  oil  with  lo  per  cent  of  lamp  black. 

'  ,-ntral  R,  R.  uses  rt^l  lead  paint  for  a  shop  coat, 

nia  Lines  We  At  of  Pittsburgh  use  a  shop  coat  of  pure  linseed  oil, 
standard  specifications  requirti  a  shop  coat  of  red  lead. 
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American  Railway  Engineering  Association. 
Fourth  Edition. 

STANDARD   SPECIFICATIONS. 

PART  FIRST—DESIGN. 


I.    GENERAL. 

1.  Materials. — ^The  material  in  the  superstructure  shall  be  structural  steel,  except  mctSk 
and  as  may  be  otherwise  specified. 

2.  Clearances. — When  alincment  is  on  tangent,  clearances  shall  not  be  less  than  shows  oi 
the  diagram;  the  height  of  rail  shall,  in  all  cases,  be  assumed  as  6  in.  The  width  shall  be  inereueJ 
so  as  to  provide  the  same  minimum  clearances  on  curves  for  a  car  80  ft.  lone*  14  ft.  high,  and  60  ft 
center  to  center  of  trucks,  allowance  being  tnade  for  curvature  and  superelevation  of  rails. 

3.  Spacing  Trusses. — The  width  center  to  center  of  girders  and  trusses 

shall  in  no  case  be  less  than  one-twentieth  of  the  effective  span,  nor  less  than  mua 

is  necessary  to  prevent  overturning  under  the  assumed  lateral  loading.  ii%| 

4.  Skew  Bridges. — Ends  of  deck  plate  girders  and  track  stringers  of     ^  j^ '}^ — I 

skew  bridges  at  abutments  shall  be  square  to  the  track,  unless  a  ballasted     -^j     /     j     | 
floor  is  used. 

5.  Floors. — Wooden  tie  floors  shall  be  secured  to  the  stringers  and  shall 
be  proportioned  to  carry  the  maximum  wheel  load,  with  100  percent  impact, 
distributed  over  three  ties,  with  fiber  stress  not  to  exceed  2,000  lb.  per  sq.  in. 
Ties  shall  not  be  less  than  10  ft.  in  length.  They  shall  be  spaced  with  not 
more  than  6-in.  openings;  and  shall  be  secured  against  bunching. 

II.     LOADS.  >i  ^  . 

6.  Dead  Load. — ^The  dead  load  shall  consist  of  the  estimated  weight  of  ^j  \'  t 
the  entire  suspended  structure.  Timber  shall  be  assumed  to  weigh  4  J  lb.  per  Thoo^ti 
ft.  B.  M.;  ballast  100  lb.  per  cu.  ft.,  reinforced  concrete  150  lb.  per  cu.  ft.,  <^  o  ^ 
and  rails  and  fastenings,  150  lb.  per  linear  ft.  of  track. 

ty.  Live  Load. — ^The  live  load,  for  each  track,  shall  consist  of  two  typical  engines  followed 
by  a  uniform  load,  according  to  Cooper's  scries,  or  a  system  of  loading  giving  practically  equivakit 
strains.  The  minimum  loading  to  be  Cooper's  E-40,  and  the  special  loading,  the  diagram  ai 
shown  in  the  following  diagrams,  that  which  gives  the  larger  strains  to  be  used. 

fs.  Heavier  Loading. — Heavier  loadings  shall  be  proportional  to  the  above  diagrams  on  tfce 
same  spacing.  ^ 

9.  Impact. — The  dynamic  increment  of  the  live  load  shall  be  added  to  the  maximum  computed 

-IQO 

live  load  strains  and  shall  be  determined  by  the  formula  I  —  S  -7-- , 

L  -\-  300 

where  /  =  impact  or  dynamic  increment  to  be  added  to  live-load  strains. 

5  =  computed  maximum  live-load  strain. 

L  =  loaded  length  of  track  in  feet  producing  the  maximum  strain  in  the  member.    For 

bridges  carrying  more  than  one  track,  the  aggregate  length  of  all  tracks  produdflf 

the  strain  shall  be  used. 

Impact  shall  not  be  added  to  strains  produced  by  longitudinal,  centrifugal  and  lateral  * 

wind  forces. 

10.  Lateral  Forces. — All  spans  shall  be  designed  for  a  lateral  force  on  the  loaded  chord  «« 
200  lb.  per  linear  foot  plus  10  per  cent  of  the  specified  train  load  on  one  track,  and  200  lb.  pff 
linear  foot  on  the  unloaded  chord;  these  forces  being  considered  as  moving. 

*  Adopted  by  the  American  Railway  Engineering  Association, 
t  See  Addendum,  clause  (a). 
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II,  Wmd  Fofce. — Viaduct  lowers  shrill  be  designed  for  a  force  of  50  lb.  per  sq.  ft,  on  one 
id  one-half  times  the  verticiil  projection  of  the  structure  unloaded;  or  30  lb.  per  sq.  h.  on  the 

f  BttrCikce  plus  4C»o  lb.  per  linear  ft.  of  structure  applied  7  ft.  above  the  mil  lor  assumed  wind 
on  train  when  the  structure  is  either  fully  loaded  or  loaded  on  either  track  with  empty  cars 
iumcd  to  weigh  1,200  lb.  per  linear  ft.,  whichever  gives  the  larger  strain. 


I 


I 


^^%5 


^1 


ci  ^  1^ 

'^  ^  5>  ?^ 


^  0000 


^  :^  ^  ^  ^:^  0000 


^  >  >»  ^ 


s  %  s 

i*  i»   !i*  i* 
•S   '^*    N   N 


n   n    n    r,    ^^  v/^^^y/yvzv. 


12.  Loneitudinal  Force*^ — Viaduct  towers  and  similar  structures  shall  be  designed  for  a 
"     1!  hmrr'  of  20  per  cent  of  the  \\vc  load  applied  at  the  top  of  the  rail. 

nictureis  located  on  curvc-s  ehall  l>e  detsigned  for  the  centrifugal  force  of  the  live  lr>ad 
*    ,  a^  I  he  top  of  the  high  rail.     The  centrifugal  force  shall  be  considered  as  live  load  and  be 
iverl  from  the  speed  in  miles  per  hour  given  by  the  expression  60  —  2|/>,  where  '*/>"  «  degree 
curve. 

IIL     UNIT  STRESSES  AND   PROPORTION  OF  FARTS. 

14*  Unit  Stresses. — All  parts  of  structures  shall  be  so  proportioned  that  the  sum  of  the  maxi* 
stresses  prtnluced  by  the  foregoing  loads  shall  not  exceed  the  following  amounts  in  pounds 
in-,  except  as  modified  in  paragraphs  22  to  25: 

'5.  Tension. — .\xial  tension  on  net  section 16.000 

16.  Compression* — *\xial  compression  on  gross  section  of  columns 16,000  —  70- 

a  maximum  of , 14,000 

>.  "/"  ,^  fht-  length  of  the  member  in  inches,  and  "r**  is  the  least  fBdius  of 
nhe,^. 
Mon  on  steel  castings .,.,,....,,.,.....,....,......,..,.,,,...  16,000 

17,  Bending. — Bending:  on  extreme  fibers  of  rolled  shapes,  built  sections, 
'\t*r*  itk!  ^*ir\  rriisf Tne-^r  net  section , ,.,...       16^000 

.  24,000 

ring:  shop  driven  rivets  and  pins ,  12,000 

>  .1  n<  1  r  II rncd  bolts .    f o,ooo 

s;  groA-!.  section ......-,.. .    io,cx>o 

^. — Bearing:  shop  driven  rivets  and  pina 24,000 

Ls  and  turned  l>olts .  , *,...*...* .......•...*...  -20»ooo 

1  >:  per  linear  inch . , , ,....,.,      6ood 

dist.  the  diameter  of  the  roller  in  inches. 
BLMOory  -    , , 600 

20.  limiting  Length  of  Members. — The  lengths  of  main  compression  members  shall  not 

.^i  r.^1  TM...  .  (lu-ir  Irawt  radius  of  g>'rationt  and  those  for  wind  and  sway  bracing  120  times 

gyration. 

of  riveted  tension  members  in  horizontal  or  inclined  positions  shall  not 

ir  radius  of  gyration  about  the  horizontal  axis.     The  horizontal  projection 

I'lrtion  of  the  member  is  to  be  considered  as  the  effective  length. 

22.  Al  resses. — Members  subject  to  alternate  streascs  of  tension  and  compression 

iH  be  pi  I  fur  thr  sTnsses  giving  the  largest  section.     If  the  alternate  stresses  occur 

in  uurnij^  the  passage  of  tjne  train,  as  in  s*iff  counters,  each  stress*  shall  be  incrcaacrl  by 

of  the  smaller.     The  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the 

*'r  the  live  and  dead  load  strc-^scs  are  of  opposite  character,  only  two^thirds  of  the 
I  s  shall  be  considered  as  effective  in  counteracting  the  live  load  stress, 
ned  Stresses. — Memlicrs  subject  to  both  axial  and  bending  stresses  shall  be  pro- 
•  ^hc  oomlfined  filx*r  stresses  will  not  exceed  the  allnwed  axial  stress. 

-  produced  by  lonvritiidinal  and  lateral  or  wind  forces  comlnned  with  ihone 
ads  and  cenirify^al  force,  the  unit  stress  may  be  Increased  25  per  cent  over 
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those  given  above;  but  the  section  shall  not  be  less  than  required  for  live  aad  dead  loads  and 
centritugal  force. 

26.  Net  Section  at  Rivets. — In  proportioning  tension  members  the  diameter  of  the  rivet  hob 
shall  be  taken  i-in.  larger  than  the  nominal  diameter  of  the  rivet. 

27.  Rivets. — In  proportioning  rivets  the  nominal  diameter  of  the  rivet  shall  be  used. 

28.  Net  Section  at  Pins. — Pin-connected  riveted  tension  members  shall  have  a  net  sectkii 
through  the  pin-hole  at  least  25  per  cent  in  excess  of  the  net  section  of  the  body  of  the  member, 
and  the  net  section  back  of  the  pin-hole,  parallel  with  the  axis  of  the  member,  shall  be  not  less  thai 
the  net  section  of  the  body  of  the  member. 

29.  Plate  Girders. — Plate  girders  shall  be  proportioned  either  by  the  moment  of  inertia  d 
their  net  section;  or  by  assuming  that  the  flanges  are  concentrated  at  their  centers  of  gravity; 
in  which  case  one-eighth  of  the  gross  section  of  the  web,  if  properly  spliced,  may  be  uswl  as  flange 
section.  The  thickness  of  web  plates  shall  be  not  less  than  jf^  of  the  unsupported  distaooe 
between  flange  angles  (see  38). 

30.  Compression  Flange. — The  gross  section  of  the  compression  flanges  of  plate  girders  shafl 
not  be  less  than  the  gross  section  of   the  tension  flanges;  nor  shall  the  stress  per  sq.  in.  in  tbe 

compression  flange  of  any  beam  or  girder  exceed  16,000  —  200  t*  *  when  flange  consists  of  an^ 

only  or  if  cover  consists  of  flat  plates,  or  16,000  —  iSO-jr^  if  cover  consists  of  a  channel  sectioii, 

where  /  =  unsupported  distance  and  b  =  width  of  flange. 

31.  Flange  Rivets. — ^The  flanges  of  plate  girders  shall  be  connected  to  the  web  with  a  suffickflt 
number  of  rivets  to  transfer  the  total  shear  at  any  point  in  a  distance  equal  to  the  effective  dbpth 
of  the  girder  at  that  point  combined  with  any  load  that  is  applied  directly  on  the  flange.  The 
wheel  loads,  where  the  ties  rest  on  the  flanges,  shall  be  assumed  to  be  distributed  over  three 
ties. 

32.  Depth  Ratios. — Trusses  shall  preferably  have  a  depth  of  not  less  than  one-tenth  of  the 
span.  Plate  girders  and  rolled  beams,  used  as  girders,  shall  preferably  have  a  depth  of  not  le« 
tnan  one-twelfth  of  the  span.  If  shallower  trusses,  girders  or  beams  are  used,  the  section  shaD 
be  increased  so  that  the  maximum  deflection  will  not  be  greater  than  if  the  above  limiting  latioi 
had  not  been  exceeded. 

IV.     DETAILS  OF  DESIGN. 

GENERAL   REQUIREMENTS. 

33.  Open  Sections. — Structures  shall  be  so  designed  that  all  parts  will  be  accessible  for 
inspection,  cleaning  and  painting. 

34.  Pockets. — Pockets  or  depressions  which  would  hold  water  shall  have  drain  holes,  or  be 
filled  with  waterproof  material. 

35.  Sjrmmetrical  Sections. — Main  members  shall  be  so  designed  that  the  neutral  axis  will  be 
as  nearly  as  practicable  in  the  center  of  section,  and  the  neutral  axes  of  intersecting  main  members 
of  trusses  shall  meet  at  a  common  point. 

36.  Counters. — Rigid  counters  are  preferred;  and  where  subject  to  reversal  of  stress  shall 
preferably  have  riveted  connections  to  the  chords.  Adjustable  counters  shall  have  open  turn- 
buckles. 

37.  Strength  of  Connections. — The  strength  of  connections  shall  be  sufficient  to  develop  the 
full  strength  of  the  member,  even  though  the  computed  stress  is  less,  the  kind  of  stress  to  whidi 

*  the  member  is  subjected  Ix'ing  considered. 

38.  Minimum  Thickness. — The  minimum  thickness  of  metal  shall  be  #-in.,  except  for 
fillers. 

39.  Pitch  of  Rivets. — The  minimum  distance  between  centers  of  rivet  holes  shall  be  three 
diameters  of  the  rivet;  but  the  distance  shall  preferably  l)e  not  less  than  3  in.  for  J-in.  rivets  and 
2  J  in.  for  J-in.  rivets.  The  maximum  pitch  in  the  line  of  stress  for  members  composed  of  plates 
and  shapes  shall  he  6  in.  for  J-in.  rivets  and  5  in.  for  J-in.  rivets.  For  angles  with  two  gage  lines 
and  rivets  staggered  the  maximum  shall  Ix;  twice  the  above  in  each  line.  Where  two  or  more 
plates  are  used  in  contact,  rivets  not  more  than  12  in.  apart  in  either  direction  shall  be  used  to 
hold  the  plates  well  together.  In  tension  members,  composed  of  two  angles  in  contact,  a  pitch 
of  12  in.  will  be  allowed  for  riveting  the  angles  together. 

40.  Edge  Distance.— The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
edge  shall  be  i  J  in-  for  J-in.  rivets  and  1}  in.  for  }-in.  rivets,  and  to  a  rolled  edge  I J  in.  and  l|  in.i 
respectively.  The  maximum  distance  from  any  edge  shall  be  eight  times  the  thickness  of  the 
plate,  but  shall  not  exceed  6  in. 
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^Hbi  Diameter. — The  diameter  of  the  rivets  in  any  angle  carr>'tng  calculated  stress 

^p>ne«qu<irter  the  width  of  the  leg  in  which  they  are  driven.     In  minor  parts  i-ln, 

frused  in  3-in.  angles,  and  i-in.  rivcta  in  2^-in.  angles, 

I  Rivets. — Rivets  carrying  calculated  stress  and  whose  grip  eitceeds  four  diameters 

ixscd  in  number  at  least  one  per  cent  for  each  additional  A-in.  of  grip. 

ti  at  Ends.— The  pitch  of  rivets  at  the  ends  of  built  compression  members  shall  not 

iiametera  ot  the  rivets,  for  a  length  equal  to  one  and  one-half  times  the  maximum 

aber. 

ipressioii  Members. — In  compression  members  the  metal  shall  be  concentrated  as 

sible  in  webs  and  flanges.     The  thickness  of  each  web  shall  be  not  less  than  one- 

le  distance  between  its  connections  to  the  flanges.     Cover  plates  shall  have  a  thickness 

one-fortieth  of  the  distance  between  rivet  lines. 

imum  Angles^ — Flange?*  of  girders  and  built  members  without  cover  plates  shall  have 
hicknc^  of  one-twelfth  of  the  width  of  the  outstanding  leg. 

Hates. — The  open  sides  of  compression  members  shall  be  provided  with  lattice  and 
opiates  as  noAr  each  end  as  practicable.     Tie-plates  shall  be  provided  at  intermediate 

the  lattice  is  interrupted.  In  main  mcml>ers  the  end  tie-plates  shall  have  a  length 
I  the  distance  between  the  lines  of  rivets  connecting  them  to  the  flanges»  and  inter- 
(  not  less  than  otie-half  this  distance.  Their  thickness  shall  not  be  less  than  one- 
t  aame  distance. 

-The  latticing  of  compression  members  shall   be   proportioned   to  resist  the 
corresponding  to  the  allowance  for  flexure  for  uniform  load  prov^ided  in  the 

I  in  paragraph  16  by  the  term  70  -  .     The  minimum  width  of  lattice  bars  shall  be 

n.  rivets^  2 1  in.  for  f-in.  rivets,  and  2  in.  if  j-in.  rivets  are  used.  The  thickness  shall 
lan  one-fortieth  of  the  distanrc  between  end  rivets  for  single  lattice,  and  one-sixtieth 
ttice,     Sha|:>es  of  equivalent  strength  may  be  used. 

?e-f«»urths-inch  riv^cts  shall  be  used  for  latticing  flanges  less  than  2\  in.  wide,  and 
ges  from  2I  to  3 J  in.  wide;  i-in.  rivets  shall  be  usi^<l  in  flanges  3 J  in,  and  over,  and 
irith  at  least  two  rivets  shall  be  used  for  flanges  over  5  in.  wide. 
inclination  of  lattice  bars  with  the  axis  of  the  member  shall  be  not  less  than  ^5  degrees, 
E  distance  lx!tween  rivet  lines  in  the  flanges  is  more  than  15  in.t  if  single  nvet  bar  is 
tice  shall  be  double  and  riveted  at  the  intersection. 

ice  bars  shall  be  so  spaced  that  the  portion  of  the  flange  included  between  their 
shall  l)e  as  strong  aa  the  member  as  a  whole. 

..4  T^ji^fg — Abutting  joints  in  compression  members  when  faced  for  bearing  shall  be 
ufficiently  to  hold  the  connect ing  members  accurately  in  place.  All  other 
iv,  whether  in  tension  or  compression,  shall  be  fully  spliced. 
PUtes. — ^Pin-holcs  shall  be  reinforced  by  plates  where  necessary,  and  at  least  one 
•  as  wide  as  the  flangc*s  will  allow  and  be  on  the  same  side  as  the  angles.  They  shall 
^nt  rivets  to  distribute  their  portion  of  the  pin  pressure  to  the  full  cross-section  of 

E6d  Ends. — Forked  ends  on  compression  members  will   be  permitted  only  where 

where  used,  a  sufficient  number  of  pin  plates  shall  l>e  provided  to  make  the  jaws  of 

f ,,  .„   I  f^.^  of  the  member-     At  least  one  of  these  plates  shall  extend  to  the  far  edge 

fe,  and  the  balance  to  the  far  edge  of  the  nearest  tie-plate,  but  not  less  than 

r  edgf:  of  the  farthest  plate. 

u — Pins  shall  be  long  enough  to  insuni'  a  full  bearing  of  all  the  parts  connected 

Bed  body  of  the  pin.     They  shall  be  secured  by  chambered  nuts  or  be  provided  with 

Buts  are  used.  The  screw  ends  shall  be  long  enough  to  admit  of  burring  the 
packed  on  pins  shall  be  held  against  lateral  movement, 
^'here  members  are  connected  by  bolts,  the  turned  Ixxly  of  these  bolts  shall  be 
tend  through  the  metal.  A  washer  at  least  J-in.  thick  shall  be  used  under  the 
shall  not  be  used  in  place  of  rivets  except  by  special  permission.  Heads  and  nuts 
gonaL 

rect  SpUces.^ — Where  splice  plates  arc  not  in  direct  contact  with  the  parts  which 
,  rivets  shall  be  used  on  each  side  of  the  joint  in  excess  of  the  number  theoretically 
he  extent  of  one-third  of  the  number  for  each  inter\'ening  plate. 
ra. — -Rivets  carrying  stress  and  passing  thnmgh  fillers  shall  be  increased  50  per  cent 
*    *  -^  rivets,  when  posHiblct  shall  be  outside  of  the  connected  member. 

fsion  for  expansion  to  the  extent  of  J-in,  for  each  lo  ft.  shall  be  made 
t.v^.     Efficient  means  shall  be  provided  to  prevent  excessive  motion  at  any 
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60.  Expansion  Bearings. — Spans  of  80  ft.  and  over  resting  on  masonry  shall  have  turned 
rollers  or  rockers  at  one  end;  and  those  of  less  length  shall  be  arranged  to  slide  on  smooth  surfaces. 
These  expansion  bearings  shall  be  designed  to  permit  motion  in  one  direction  only. 

61.  Fixed  Bearings. — Fixed  bearings  shall  be  firmly  anchored  to  the  masonry. 

62.  Rollers. — Expansion  rollers  shall  be  not  less  than  6  in.  in  diameter.  They  shall  be 
coupled  together  with  substantial  side  bars,  which  shall  be  so  arranged  that  the  rollers  can  be 
readily  cleaned.     Segmental  rollers  shall  be  geared  to  the  upper  and  lower  plates. 

63.  Bolsters. — Bolsters  or  shoes  shall  be  so  constructed  that  the  load  will  be  distributed  over 
the  entire  bearing.     Spans  of  80  ft.  or  over  shall  have  hinged  bolsters  at  each  end. 

64.  Wall  Plates. — Wall  plates  may  be  cast  or  built  up;  and  shall  be  so  designed  as  to  distribute 
the  load  uniformly  over  the  entire  bearing.     They  shall  be  secured  against  displacement. 

65.  Anchorage. — ^Anchor  bolts  for  viaduct  towers  and  similar  structures  shall  be  long  enough 
to  engage  a  mass  of  masonry  the  weight  of  which  is  at  least  one  and  one-half  times  the  uplift. 

66.  Inclined  Bearings. — Bridges  on  an  inclined  grade  without  pin  shoes  shall  have  the  sole 
plates  beveled  so  that  the  masonry  and  expansion  suriaces  may  be  level. 

FLOOR   SYSTEMS. 

67.  Floorbeams. — Floorbeams  shall  preferably  be  square  to  the  trusses  or  girders.  They 
shall  be  riveted  directly  to  the  girders  or  trusses  or  may  be  placed  on  top  of  deck  bridges. 

68.  Stringers. — Stringers  shall  preferably  be  riveted  to  the  webs  of  all  intermediate  floorbeams 
by  means  of  connection  angles  not  less  than  J-in.  in  thickness.  Shelf  angles  or  other  supports 
provided  to  support  the  stringer  during  erection  shall  not  be  considered  as  carrying  any  of  the 
reaction. 

69.  Stringer  Frames. — Where  end  floorbeams  cannot  be  used,  stringers  resting  on  masonry 
shall  have  cross  frames  near  their  ends.  These  frames  shall  be  riveted  to  girders  or  truss  shoes 
where  practicable. 

BRACING. 

70.  Rigid  Bracing. — Lateral,  longitudinal  and  transverse  bracing  in  all  structures  shall  be 
compKJsed  of  rigid  members. 

71.  Portals. — ^Through  truss  spans  shall  have  riveted  portal  braces  rigidly  connected  to  the 
end  posts  and  top  .chords.     They  shall  be  as  deep  as  the  clearance  will  allow. 

72.  Transverse  Bracing. — Intermediate  transverse  frames  shall  be  used  at  each  panel  of 
through  spans  having  vertical  truss  members  where  the  clearance  will  permit. 

73.  End  Bracing. — Deck  spans  shall  have  transverse  bracing  at  each  end  proportioned  to 
carry  the  lateral  load  to  the  support. 

74.  Laterals. — The  minimum  sized  angle  to  be  used  in  lateral  bracing  shall  be  3}  by  3  by  |-in. 
Not  less  than  three  rivets  through  the  end  of  the  angles  shall  be  used  at  the  connection. 

75.  Lateral  bracing  shall  be  far  enough  below  the  flange  to  clear  the  ties. 

76.  Tower  Struts. — The  struts  at  the  foot  of  viaduct  towers  shall  be  strong  enough  to  slide 
the  movable  shoes  when  the  track  is  unloaded. 

PLATE   GIRDERS. 

77.  Camber. — If  desired,  plate  girder  spans  over  50  ft.  in  length  shall  be  built  with  camber  at 
a  rate  of  A-in.  per  10  ft.  of  length. 

78.  Top  Flange  Cover. — VVhere  flange  plates  are  used,  one  cover  plate  of  top  flange  shaD 
extend  the  whole  length  of  the  girder. 

79.  Web  Stiff eners. — There  shall  be  web  stifTencrs,  generally  in  pairs,  over  bearings,  at  points 
of  concentrated  loading,  and  at  other  {>oints  where  the  thickness  of  the  web  is  less  than  ^  of  the 
unsupported  distance  between  flange  angles.  The  distance  between  stiffeners  shall  not  exceed 
that  given  by  the  following  formula,  with  a  maximum  limit  of  six  feet  (and  not  greater  than  the 
clear  depth  of  the  web) : 

d  =  —  (12,000  —  s), 

Where  d  =  clear  distance,  between  stifTencrs  of  flange  angles. 
/  =  thickness  of  web. 
5  =  shear  per  sq.  in. 

The  stiffeners  at  ends  and  at  points  of  concentrated  loads  shall  be  proportioned  by  the  formula 
of  paragraph  16,  the  effective  length  being  assumed  as  one-half  the  depth  of  girders.  End  stiffenefs 
and  those  under  concentrated  loads  shall  be  on  fillers  and  have  their  outstanding  legs  as  wide  as 
the  flange  angles  will  allow  and  shall  fit  tightly  against  them.     Intermediate  stiffeners  may  be 
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IscTt  or  on  Eller»,  and  their  outstanding  legs  shall  be  not  less  than  one^thirtieth  of  the  depth  of 
plus  2  m, 
Stays  for  Top  Flanges. — Through  plate  girders  shall  have  their  top  flanges  stayed  at 
[end  of  every  doorbeam,  or  in  case  of  solid  floors,  at  distances  not  exceeding  12  ft*,  by  knee 
i  or  gusset  plates. 

TRUSSES. 

$1.  Camber* — Truss  spans  shall  be  given  a  camber  by  so  proportioning  the  length  of  the 
ers  that  the  stringers  will  be  straight  when  the  bridge  is  fully  loaded* 

Rigid  Members. — Hip  verticals  and  similar  members,  and  the  two  end  panels  of  the 
[  chords  of  single  track  pin^onnectcd  trusties  shall  be  rigid. 
Eye-bars. — The  eye-bars  compKising  a  member  shall  be  so  arranged  that  adjacent  bars 
[it*yl  have  their  surfaces  in  contact;  they  shall  be  as  nearly  parallel  to  the  axis  of  the  truss  as 
^le*  the  maximum  in<  lination  of  any  bar  being  limited  to  one  inch  in  J 6  ft* 
84,  Pony  Trusses. — Pony  trusses  shall  be  riveted  structures,  with  double  webbed  chords,  and 
1  have  all  web  members  latticed  or  otherwise  effectively  stiffened. 


PART  SECOND— MATERIALS  AND   WORKMANSHIP* 


V.     MATERL\L. 

§5.  Steel. — '^teel  i^hall  be  made  b>'  the  ojK^n-hearth  process, 

S6.  Properties, — The  chemical  and  physical  properties  shall  conform  to  the  following  limits: 


menu  CoosiUcrtird, 

Hmoru..  m«..{^J?]i^-;; 

liur,  fnaximura 

imatc  lensile  strength. 
tidfi  per  Aqiiare  inch 

;.,  min.  7c.  »n  8",  Fig.  i  { 

j.»  min.  %» in  2",  Fig.  2, . 

ractcr  of  Fracture .,.«,,. 

Brnds  without  Fracture. 


Struetural  Stc**:!. 


Rivet  StccK 


0.04  per  cent 
0.06  per  cent 
0.05  per  cent 


0.04  per  cent 
0.04  per  cent 
0.04  per  cent 


Desired, 
60,000 
1,500,000* 


Ulu  tcn*ile  strength 

22 

Silkv 

1 80'^  flatt 


Desired. 

50,000 

1,500,000 


tJlt.  tensile  strength 

Silky 
iSo^Hatt 


Sleel  CastiniEft. 


0.05  per  cent 
0.08  per  cent 
0.05  per  cent 


Not  lets  than 
65,000 

15  per  cent 

{Silky  or  fine 
g^ranufar 
90**  d  =  p 


yield  pointt  as  indicated  by  the  drnp  of  beam,  shiill  be  recorded  in  the  test  reports. 

In   order  that   the   ultimate   strength  of   full-sizeci   annealed   eye-bars   may   meet   the 

^ k  of  paragraph  163,  the  ultimate  »trcn^h  in  test  specimens  may  lie  determined  by 

turcrs;  all  other  testa  than  those  for  ultimate  strength  shall  conform  to  the  above 

I     Variations. — ^If  the  ultimate  strenj^h  varies  more  than  4,000  lb,  from  that 
II  Ix.'  made  on  the  same  gage,  which,  to  be  acceptable,  shall  be  within  5,000  lb. 

S^.  Qietnj  -scB.— Chemical  determinations  of  the  percentages  of  carbon,  phosphorus* 

<hk]l  be   made  by  the  manufacturer  from  a  test   ingot  taken  at  the 
melt  of  steel,  ami  a  corrcrt  copy  of  such  analysis  shall  be  furnished 
__  tf>r»     Check  analyses  shall  be  made  from  finished  material,  if  called 

the  purdiaaer,  in  which  case  an  excess  of  25  per  cent  above  the  required  limits  will  be 


ktcd. 


>. — Plate,  shape  and  bar  specimens  for  tensile  and  bending  te^ts  shall  l>e  made 
frrjm  the  finished  prixJuct,  which  shall  have  both  faces  rollerl  and  both  edges 

'  '  ^  •      ' :  or  wit h  both  edee.s  pa rallel ;  or  they  may  be  turned  to  a  diameter 

n.,  with  enlarged  ends. 
-1  as  rolled. 


•  pifain^ph  96.        t  See  paragra.phs  97,  98,  and  99.        J  Sec  parigraph  100. 
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92.  Pin  and  roller  specimens  shall  be  cut  from  the  finished  rolled  or  foimd  bar,  in  such  manner 
that  the  center  of  the  specimen  shall  be  one  inch  from  the  surface  of  the  bar.  The  specimen  for 
tensile  test  shall  be  turned  to  the  form  shown  by  Fig.  2.  The  specimen  for  bending  test  shall  be 
one  inch  by  J-in.  in  section. 

93.  For  steel  castings  the  number  of  tests  will  depend  on  the  character  and  importance  d 
the  castings.  Specimens  shall  be  cut  cold  from  coupons  molded  and  cast  on  some  portion  of  one 
or  more  castings  from  each  melt  or  from  the  sink  heads,  if  the  heads  are  of  sufficient  size.  The 
coupon  or  sink  head,  so  used,  shall  be  annealed  with  the  casting  before  it  is  cut  oflF.  Test  spedmen 
to  be  of  the  form  prescribed  for  pins  and  rollers. 


!2J!?.U*'  V^.!^.'?!!fi.%^i?9„ 


U^  »    'NoTicM  than 


!lv4-s 


TT-r 


I?  t   T  •  *  • 

(If- — r-— — ^— Abour  i8  — 

Fig.   I 


Abp«li? 


Fig.  2. 

94.  Specimens  of  Rolled  Steel. — Rolled  steel  shall  be  tested  in  the  condition  in  whidi  it 
comes  from  the  rolls. 

95.  Number  of  Tests. — At  least  one  tensile  and  one  bending  test  shall  be  made  from  ead 
Tnelt  of  steel  as  rolled.  In  case  steel  differing  j-in.  and  more  in  thickness  is  rolled  from  one  melt, 
a  test  shall  be  made  from  the  thickest  and  thinnest  material  rolled. 

96.  Modification  in  Elongation.— A  deduction  of  i  per  cent  will  be  allowed  from  the  specified 
percentaRc  for  elongation,  for  each  J-in.  in  thickness  above  f-in. 

97.  Bending  Tests. — Bending  tests  may  be  made  by  pressure  or  by  blows.  Plates,  shapes 
and  bars  less  than  one  inch  thick  shall  bend  as  called  for  in  paragraph  86. 

98.  Thick  Material. — Full-sized  material  for  eye-bars  and  other  steel  one  inch  thick  and 
over,  tested  as  rolled,  shall  bend  cold  180  degrees  around  a  pin,  the  diameter  of  which  is  equal  to 
twice  the  thickness  of  the  bar,  without  fracture  on  the  outside  of  bend. 

99.  Bending  Angles. — Angles  J-in.  and  less  in  thickness  shall  open  flat,  and  angles  J-in.  and 
less  in  thickness  shall  bend  shut,  cold,  under  blows  of  a  hammer,  without  sign  of  fracture.  This 
test  shall  be  made  only  when  required  by  the  inspector. 

100.  Nicked  Bends. — Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter 
as  the  rivet  rod,  shall  give  a  gradual  break  and  a  fine  silky  uniform  fracture. 

loi.  Finish. — Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective 
edges  or  other  defects,  and  have  a  smooth,  uniform  and  workmanlike  finish.  Plates  36  in.  in 
width  and  under  shall  have  rolled  edges. 

102.  Melt  Numbers. — Every  finished  piece  of  steel  shall  have  the  melt  number  and  the 
name  of  the  manufacturer  stamped  or  rolled  upon  it.  Steel  for  pins  and  rollers  shall  be  stamped 
on  the  end.  Rivet  and  lattice  steel  and  other  small  parts  may  be  bundled  with  the  above  marb 
on  an  attached  metal  tag. 

103.  Defective  Material. — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and 
its  acceptance  there,  develops  weak  spots,  brittlencss,  cracks  or  other  imperfections,  or  is  found 
to  have  injurious  defects,  will  be  rejected  at  the  shop  and  shall  be  replaced  by  the  manufacturer  at 
his  own  cost. 

104.  Variation  in  Weight. — A  variation  in  cross-section  or  weight  of  each  piece  of  steel  of 
more  than  2}  per  cent  from  that  specified  will  be  sufficient  cause  for  rejection,  except  in  case  of 
sheared  plates,  which  will  be  covered  by  the  following  permissible  variations,  which  are  to  apply 
to  single  plates,  when  ordered  to  weight : 

105.  Plates  I2i  lb.  per  sq.  ft.  or  heavier: 

(a)  Up  to  100  in.  wide,  2  J  per  cent  above  or  below  the  prescribed  weight. 

(b)  One  hundred  inches  wide  and  over,  5  per  cent  above  or  below. 
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106.  Platrs  under  12 J  lb.  per  sq.  ft.: 
_  (a)   Up  to  75  in.  wide,  2 J  per  cent  above  or  below* 

Sb)  Seventy-five  inches  and  up  to  100  in.  wide^  5  per  cent  above  or  3  per  cent  below* 
c)   One  hundred  inches  wide  and  over,  10  per  cent  above  or  3  per  cent  below. 
D7<  Plates  when  ordered  to  gage  will  be  accepted  if  they  measure  not  more  than  o.oi  in. 
\  X  he  ordered  thickness. 

An  excess  over  the  nominal  weight,  corresp>onding  to  the  dimensions  on  the  order,  will 
Dwni  for  each  plate,  if  not  more  than  that  shown  in  the  following  table,  one  cu.  in,  of  rolled 
Fbeing  assumed  to  weigh  0*2833  lb.: 


Thkknev 


Nominal 
Wdghta. 


[0,20  lb* 

i275  " 
15*30  " 

2040  " 

25. so  " 


Width  of  Plate. 


Up  to  7S" 


10  per  cent 

8  ** 

7  " 

6  " 

;. " 

4  " 

3i  " 


75^'  Bod  up  to 
too". 


14  per  cent 

12  " 

10  " 

8  " 

7 

6i  - 

6  " 


lOO''  and  up  to 
115". 


18  per  cent 

16  " 

\i  :: 

9  ** 

8)  '* 

8  " 

65  *' 


Over  us". 


17  per  cent 
13        " 

12 

tl  " 

10  " 

9  *• 


Cast-Iron. — Except  where  chilled  iron  is  specified,  castings  shall  be  made  of  tough  gray 

Twith  sulphur  not  over  o.io  per  cent.     They  shall  be  true  to  pattern,  out  of  wind  and  free  from 

aws  ^nd  excessive  shrinkage.     If  tests  are  demanded,  they  shall  be  made  on  the  **  Arbitration 

^    :   -  an  Society  for  Testing  Materials,  which  is  a  round  bar  ij  in.  in  diameter  and 

I  tnsverse  test  shall  be  made  on  a  supported  length  of  12  in.  with  load  at  middle. 

....  ...  ...king  load  so  applied  shall  be  2,900  lb«,  with  a  defleclion  of  at  least  ^  in,  before 

fipture. 

110,  Wrought-Iron. — Wrought-iron  shall  be  double-rolled,  tough,  fibrous  and  uniform  in 

"  ter.     It  shall  be  thoroughly  welded  in  rolling  and  be  free  from  surface  dcft*cts.     When  tested 

imens  of  the  form  of  Fig,  i ,  or  in  full-sized  pieces  of  the  same  length,  it  shall  show  an  ultimate 

th  of  at  least  50.000  lb.  per  sq.  in,,  an  elongation  of  at  least  18  per  cent  in  8  in,,  with  fracture 

fibrous.     Specimens  shall  bend  cold,  with  the  fiber,  through  135  degrees,  without  sign  of 

>  around  a  pin  the  diameter  of  which  is  not  over  twice  the  thickness  of  the  piece  tested* 

I  nicked  and  bent,  the  fracture  shall  show  at  least  90  per  cent  hbrous. 


VT.     INSPECTION   AND  TESTING  AT  THE   MILLS. 

Mill  Orders. — The  purchaser  shall  be  furnished  complete  copies  of  mill  orders,  and  no 
at  shall  be  rolled  nor  work  done  before  the  purchaser  has  been  notified  where  the  orders  have 
" ,  so  that  he  may  arrange  for  the  inspection. 
FaciUties  for  Inspection. — The  manufacturer  shall  furnish  all  facilities  for  inspecting 
'     weight  and  quality  of  all  material  at  the  mill  where  it  is  manufactured.     He  shall 
l>le  testing  machine  for  testing  the  specimens  as  well  as  prepare  the  pieces  for  the 

....    '4  C05.t. 

1 13    Access  to  Mills. — WTien  an  inspector  is  furnished  by  the  purchaser  to  inspect  material 
^milh,  he  shall  have  full  access,  at  all  times,  to  all  parts  of  mills  where  material  to  be  inspected 
is  being  manufactured* 

VIZ.     WORKMANSHIP. 

I4.  GeneivL^ — All  parts  forming  a  structure  shall  be  built  in  accordance  with  approved 
The  workmanship  and  finish  shall  be  equal  to  the  best  practice  in  modern  bridge  works. 
xl  arriving  from  the  mills  shall  be  protected  from  the  weather  and  shall  have  clean  surfaces 
I  being  worked  in  the  shops, 

1 15.  Straiglitemng. — Material  shall  be  thoroughly  straightened  in  the  shop,  by  methods  that 
ifjliirc  it»  bcfon?  being  laid  niT  or  worked  in  any  way.  . 

*llu — Shearing  and  chipping  shall  be  neatly  and  accurately  done  and  all  portions  of 
^exposed  to  view  neatly  finished.  ^ 

Size  oi  Rivets. — The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean 
r  of  the  cold  rivet  before  heating. 
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1 1 8.  Rivet  Holes. — When  general  reaming  is  not  required^  the  diameter  of  the  punch  slujl 
not  be  more  than  ^-In,  greater  than  the  diameter  of  the  rivet;  nor  the  diameter  of  the  die  mone 
than  J -in.  greater  than  the  diameter  of  the  punch.  Material  more  than  J-in.  thick  chalj  Ic 
sub-punched  and  reamed  or  drilled  from  the  solid. 

119.  Punching*— Punching  shall  be  accurately  done.  Drifting  to  enlarge  unfair  hole*  infi 
not  be  allowed.  If  the  holes  mu^t  be  enlarged  to  admit  the  rivet,  they  shall  be  reamed.  Poor 
matching  of  holns  will  be  cause  for  rejection. 

120.  Reaming. — Where  sub-punching  and  reaming  are  required^  the  punch  used  shall  havrt 
diameter  not  le^  than  A-in*  smaller  than  the  nominal  diameter  of  the  rivet.  Holes  shall  then  bt 
reamed  to  a  diameter  not  more  than  iV*in.  larger  than  the  nominal  diameter  of  the  rivet.    (Set 

121-  Reaming  after  Assembling.* — [When  general  reaming  is  required  it  shall  l>e  done  afiff 
the  pieces  forming  one  built  member  are  assembled  and  so  firmly  bolted  together  that  the  surfacfi 
shall  be  in  close  contact.  If  necessary  to  take  the  pieces  apart  for  shipping  and  handling,  the 
respective  pieces  reamed  together  shall  be  so  marked  that  they  may  Ix^  reassembled  in  the  same 
position  in  the  final  setting  yp.     No  interchange  of  reamer]  parts  will  be  permit  ted.  J 

122.  Kcaming  shall  be  done  with  twist  drills  and  without  using  any  lubricant. 

123.  The  outside  burrs  on  reamed  holes  shall  be  removed  to  the  extent  of  making  a  A"^* 
fillet. 

124.  Assembling. — Riveted  members  shall  have  all  parts  well  pinned  up  and  firndv  drrfisTi 
together  with  bolts»  before  riveting  is  ctjmmenced.     Contact  surfaces  to  be  painted.      1 

125.  Lattice  Bars. — Lattice  bars  shall  have  neatly  rounded  ends,  unless  otherwise  < 

126.  Web  Stiflfeners. — Stiflfeners  shall  fit  neatly  between  flanges  of  girders.  Whert:  u^hi 
fits  are  called  for,  the  ends  of  the  stiffencrs  shall  be  faced  and  shall  be  brought  to  a  true  cotiJacl 
bearing  with  the  flange  angles. 

127.  Splice  Plate  and  Fillers. — Web  splice  plates  and  fillers  under  stiffcners  shall  be  cult© 
fit  within  4  in,  of  flange  angles. 

128.  Web  Plates. — Web  plates  of  girders,  which  have  no  cover  plates,  shall  be  t" 
the  backs  of  angles  or  project  above  the  sjime  not  more  than  i-in.,  unless  otherwii^e  t    > 
When  web  plates  are  splired,  not  more  than  }-in.  clearance  between  ends  of  plates  will  be  allown^I 

129.  Flaorbeams  and  Stringers. — The  main  sections  of  fioorbeams  and  ^stringers  ?hnll  \* 
milled  to  exact  length  after  riveting  and  the  connection  angles  accurately  set  flush  ai»' 

the  milled  ends  t[t>r  if  required  by  the  purchaser  the  milling  shall  be  done  after  the  < 
angles  are  riveted  in  place,  milling  to  extend  ov*er  the  entire  face  of  the  member],     Tht 
of  more  than  ft-in.  from  the  thickness  of  the  connection  angles  will  b»e  caust-  for  rejcctimv 

130.  Riveting. —  Rivets  shall  be  uniformly  heated  to  a  light  cherry  red  heat  m  a  t 
furnace  so  constructed  that  it  can  be  adjusted  to  the  projier  temperature.     They  shall 
by  pressure  tools  wherever  possible.     Pneumatic  hammers  shall  be  used  in  prx-ferenn 
driving. 

151,  Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape,  full  and  of  rquil 
size.  They  shall  be  central  on  shank  and  grip  the  assembled  pieces  firmly.  Recupping  and 
calking  will  not  bt*  allowed.  Loo^k^,  burned  or  otherwise  defective  rivets  shall  be  cut  out  and 
replaced.  In  cutting  out  rivets,  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If 
necessary,  they  shidl  be  drilled  out. 

132.  Turned  Bolts. — ^Wherever  bolts  are  used  in  place  of  rivets  which  transmit  shear,  tlK 
holes  shall  be  reamed  parallel  and  the  bolts  shall  make  a  driving  fit  with  the  threads  entirellT 
outside  of  the  holes.     A  washer  not  less  than  J-in.  thick  shall  be  used  under  nut. 

133.  Members  to  be  Straight. — The  several  pieces  forming  one  built  member  shall  b 
and  fit  closely  together,  and  finished  membtT?  shall  be  free  from  twists,  Ix-nds  or  open  ; 

134.  Finish  of  Joints. — Abutting  joints  shall  be  cut  or  dre&t^d  true  and  straight 
close  together,  especially  where  open  to  view.     In  compression  joints,  dejientling  or 
bearing,  the  surfaces  shall  be  truly  faced,  so  as  to  have  even  bearings  after  they  are  rivi n  u  ur 
complete  and  when  perfectly  aligned. 

135.  Field  Connections. — Holes  for  floorbeam  and  stringer  connections  shall  be  stil>-TM!n(lirl 
and  reamed  according  to  paragraph  120,  to  a  steel  templet  not  less  than  one  inch  tli 
required,  all  other  field  connections,  except  those  for  laterals  and  sway  bracing,  shall  be  .j 

in  the  shop  and  the  unfair  holes  reamed;  and  when  so  reamed  the  pieces  shall  be  niatch-maik»i 
before  being  taken  apart.] 

136.  Eye-Bars. — Eye-bars  shall  be  straight  and  true  to  size,  and  shidl  be  free  from  t 
folds  in  the  nerk  or  head,  or  any  other  defect.  Heads  shall  be  made  by  upsetting,  rollij 
forging.     Welding  will  not  be  allowed.     The  form  of  heads  will  be  determined  by  the  dies  ii 

•  See  Addendum,  clause  fd). 
t  See  Addendum,  clause  (f), 
t  See  Addendum,  clause  (e). 
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works  where  the  e>^-bar&  are  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer 
^amntee  the  bars  to  break  in  the  body  when  tested  to  rupture.  The  thickness  of  head 
!ck  shall  not  vary  mure  than  iV'in,  from  that  specified*     (See  163*) 

^7.  Boring  Eye-Bais*— Before  boring,  each  eye-bar  shall  be  properly  annealed  and  carefully 
Itened*  rin-holcs  shall  be  in  the  centt-r  line  of  bars  and  in  the  center  of  heads.  Bars  of 
me  length  shall  be  bored  so  accurately  that,  when  placed  together,  pins  i^-in.  smaller  in 
ter  than  the  pin- holes  can  be  passed  through  the  holes  at  both  ends  of  the  bars  at  the  same 
rithout  forcint?. 

Pifl-Holes*— Pin-holes  shall  be  bored  true  to  gagea,  smooth  and  straight;  at  right  angles 
of  the  memiier  and  parallel  to  each  other,  unless  otherwiae  called  for.     The  boring 
after  the  member  is  riveted  up. 
The  distance  center  to  center  of  pin-holes  shall  be  correct  within  A-in.,  and  the  diameter 
loles  not  more  than  ^<j-in.  larger  than  that  of  the  pin,  for  pins  up  to  5-in.  diameter,  and  A- 
larger  pins, 

|o.  Pins  and  Rollers, — Pins  and  rollers  shall  be  accurately  turned  to  gages  and  shall  be 
H  and  smooth  and  entirely  free  from  tlaws. 

^t.  Screw  Threads. — Screw  threads  shall  make  tight  fits  in  the  nuts  and  shall  be  U.  S. 
rd.  except  above  the  diameter  of  1 1  in,,  when  they  shall  be  made  with  six  threiids  per  inch. 

R2.  Annealing. — Steel,  except  in  minor  details,  which  has  been  partially  heated,  shall  be 
y  annealed. 

^.  Steel  Castings. — Steel  castings  shall  be  free  from  large  or  injurious  blowholes  and  shall 
lealetl 

[4.  Welds. — Welds  in  .^tecl  will  not  be  allowed. 

iS'  Bed  Plates. — Expansion  bed  pUtes  shall  be  planed  true  and  smooth.     Cast  wall  platen 
K  planed  top  and  bottom.     The  finishing  cut  of  the  planing  tool  shall  be  fine  and  correspond 
lie  direction  of  expansion. 

[6.  Pilot  Nuts. — Pilot  and  driving  nuts  shall  be  furnished  for  each  size  of  pin,  in  such 
if?  as  may  b<.*  ordered. 

^7.  Field  Rivets. — Field  rivets  shall  be  furnished  to  the  amount  of  15  per  cent  plus  ten  rivets 
SS9  of  the  nominal  number  required  for  each  size, 
|(8,  Shipping  Details.— Pins,  nuts,  bolts,  rivets  and  other  small  details  shall  be  boxed  or 

19.  Weight — The  scale  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  figures. 

P Finished  Weight,^Payment  for  pound  price  contracts  shall  be  by  scale  weight.     No 
[TOver  2  per  cent  of  the  total  weight  of  the  structure  as  computed  from  the  plans  will  be 
Ir  excess  weight. 
VIII.    SHOP  PAINTING. 

> 


ioing. — Steel  work,  before  leaving  the  shop,  shall  be  thoroughly  cleaned  and  given 
4  of  pure  linseed  oil,  or  such  paint  as  may  be  called  for,  well  worked  into  all  joints 


p.  Contact  Surfaces. — In  riveted  work,  the  surfaces  coming  in  contact  shall  each  be  painted 
l)»'tng  riveted  together 

13,  Inaccessible  Surfaces. — Pieces  and  parts  which  are  not  accessible  for  painting  after 
»i,  includini?  t<ips  iif  stringi?rs,  eye-bar  heads,  ends  of  posts  and  chords,  etc.,  shall  have  an 
>na!  «'iun  t>(  paint  before  leaving  the  shop. 

4.  Condition  of  Surfaces. — Painting  shall  be  done  only  whtn  the  surface  of  the  metal 
iry.     It  shall  not  l>e  done  in  wet  or  frtM.'zin^  weather,  unices  protected  under  cover. 

achine-Finisbed  Surfaces. — Machine-finished   f^urfaces  shall  Ije  coated  with  white 

How  before  shipment  or  before  being  put  out  into  the  open  air. 


I' 


IX.     INSPECTION   AND  TESTING   AT   THE   SHOPS. 

Fadlities  for  Inspection. — The  manufacturer  shkll  furnish  all  facilities  for  inspectinc: 
weight  and  quality  of  workmanship  at  the  shop  where  material  is  manufactured- 
1  A  suitable  testing  machine  for  testinj?  full-sized  members,  if  required. 

TvTorlc^The  purchaser  shall  he  notifies!  well  in  advance  of  the  start  of  the  work 

I  hat  he  may  have  an  inspector  on  hand  to  inspect  material  and  workmanship. 

Awtc^^  if>  Shop. — When  an  inspector  is  furnished  by  the  purchaser,  he  shall  have  full 

.ill  iimrs,  to  all  parts  of  the  shop  where  material  under  his  inspection  is  being  manu* 

'> rial. —The  inspector  shall  stamp  each  piece  accepted  with  a  private  mark. 
i  may  he  n'Trrtrd  at  anv  ttmr  and  at  any  stage  of  the  work.     If  the  in- 

Addend  ttm,  da  use  (b). 
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spector,  through  an  oversight  or  otherwise,  has  accepted  material  or  work  which  is  defective  or 
contrary  to  the  specifications,  this  material,  no  matter  in  what  stage  of  completion,  may  be 
rejected  by  the  purchaser. 

1 60.  Shop  Plans. — ^The  purchaser  shall  be  furnished  complete  shop  plans. 

161.  Shipping  Invoices. — Complete  copies  of  shipping  mvoices  sludl  be  furnished  to  the 
purchaser  with  each  shipment.     These  shall  show  the  scale  weights  of  individual  pieces. 

X.    FULL-SIZED  TESTS. 

162.  Eye-Bar  Tests. — ^Full-sized  tests  on  eye-bars  and  similar  members,  to  prove  the  work* 
manship,  shall  be  made  at  the  manufacturer's  expense,  and  shall  be  paid  for  by  the  purchaser  it 
contract  price,  if  the  tests  are  satisfactory.  If  the  tests  are  not  satisfactory,  the  members  repr^ 
sentcd  by  them  will  be  rejected. 

16^.  In  eye-bar  tests,  the  minimum  ultimate  strength  shall  be  55,000  lb.  per  sq.  in.  Tlie 
elongation  in  10  ft.,  including  fracture,  shall  be  not  less  than  15  per  cent.  Bars  shall  ^eoeraOf 
break  in  the  body  and  the  fracture  shall  be  silky  or  fine  granular,  and  the  elastic  limit  as  mdicated 
by  the  drop  of  the  mercury  shall  be  recorded.  Should  a  bar  break  in  the  head  and  develop  the 
specified  elongation,  ultimate  strength  and  character  of  fracture,  it  shall  not  be  cause  for  rejectton, 
provided  not  more  than  one-third  of  the  total  number  of  bars  break  in  the  head  (see  136). 

ADDENDUM  TO  GENERAL  SPECIFICATIONS  FOR  STEEL  RAILWAY  BRIDGES. 

POINTS  TO   BE   SPECIFICALLY  DETERMINED   BY   BUYERS   WHEN  SOLICITING  PROPOSALS  FOR  STEEL 

RAILWAY   BRIDGES. 

When  general  detail  drawings  arc  not  furnished  for  the  use  of  bidders  specific  answers  should 
be  given  to  questions  a,  b  and  c,  below. 

Specific  answers  should  also  be  given  to  questions  d,  e  and  f  if  the  class  of  work  described  ii 
any  of  the  paragraphs  there  referred  to  is  desired.  If  these  features  are  not  specifically  demanded, 
the  unbracketed  paragraphs  will  be  construed  to  define  the  kind  of  work  desired. 

(a)  What  class  of  live  load  shall  be  used?     (Pars.  7  and  8.) 

(b)  Shall  linseed  oil  or  paint  be  used?     If  paint,  what  kind?     (Par.  151.) 

(c)  Shall  contractor  furnish  floor  bolts? 

(d)  Shall  general  reaming  be  done?     (Par.  121.) 

(e)  Shall  field  connections  be  assembled  at  the  shop?     (Par.  135.) 

(f)  Shall  floor  connection  angles  be  milled  after  riveting?     (Par.  129.) 


■     INSTRUCTIONS  FOR  THE  DESIGN  OF   RAILWAY  BRIDGES.*  W 

K  following  instructions  for  the  ticsign  of  the  details  of  railway  bridges  have  been  preparecl 

Engineering  department  of  the  Chicago,  Milwaukee  fi:  St.  Paul  Railway,  1912* 

tlVETS   AND    RIVET    SPACING,— i.  For  conventional  signs,  actual  sizes  of  heads  and 

In  uf  held  rivets  for  various  grips»  see  Fig,  lo,  Chap,  XII,  and  Table  109,  Part  IL 

■fiize* — Rivets  for  steel  bridge  work  shall  usually  be  J  in.  diameter,  except  where  limited 

H&f  material.     In  very  heavy  work,  where  rivets  of  long  grip  are  required,  such  aa  in  the 

Rrf  dr.iw  ^fxms,  1  in.  rivets  are  preferable. 

,.  FlAttened. — Rivet  heads  are  not  to  be  flattened  to  less  than  |  in.  high. 

rrMmrf*rs link.— Where  heads  less  than  j  in.  high  are  required,  they  shall  be  countersunk. 

signs  for  countersunk  rivets  mean  that  rivets  shall  be  countersunk  and  chipped, 

1-  not  required,  it  should  be  so  noted  on  the  drawing.     Countersunk  rivets  should 

Bdptd  win  never  possible. 

^Clearance  of  Heads. — In  determining  clearance  the  heights  of  heads  should  be  assumed 

m 

p   Full  head  I  in.  rivet. . . , - !  in*  high 

Full  head  j  in.  rivet ♦ .  .    |  in.  high 

h      Full  head  J  In,  rivet , ^  in.  high 

K  Head  flattened  to  {  in.  rivet ... , *\  \^'  ^S^ 

y  Countersunk,  not  chipped. {in.  high 

I.  Spacing. — In  spacing  rivets  the  use  of  fractions  smaller  than  {  in.  should  be  avoided* 

113  Me,  hx^te  in  such  a  way  as  to  cause  the  least  number  of  repetitions. 

I  s  and  stiffcners  with  a  view  to  keeping  the  rivet  sj^acing  as  regular  aa  possible. 

0ia^^ct  and  Clearance. — For  distances  center  to  center  of  staggered  riv^ets  and  clearance 
P  for  driving,  see  standards.     In  .special  cases  where  the  prescritel  clearances  are  im- 
I,  allow  at  IcAst  i  in.  clearance  for  j  in.  and  1  in.  rivets  and  ff  ^^*  ^^^  l  ^^*  rivets,  from  ihe 
^f  the  rivet  head  to  the  nearest  surface  or  other  obstruction. 

^the  connection  of  cross-frames  to  girders.  ,antl  in  small  lug  angles  and  detail  angles,  riv*cta 
^spaced  so  that  they  will  not  interfere  with  each  other  in  driving. 

lirder  flange  angles,  the  rivets  in  the  "flange"  legs  should  stagger  at  least  I  in.  with  rivets 
>"  legs,  but  should  1:h5  staggered  uniformly. 

~£D   CONNECTIONS.— I.  Grouping,— Rivets   should   be   grouped   to   insure   that 

'■    \  stress  passes  as  near  as  possible  through  the  center  of  the  group  of  rivets  which 

Where  the  eccentricity  is  marked,  the  stress  on  the  extreme  rivet  due  to  this 

J..., 'A  be  computed  and  when  properly  combined  with  the  direct  stress  shall  not  exceed 

tstneas  per  ri\'ct. 

R  PlAtes. — Gusset  plates  shall  have  such  a  thickness  as  will  on  any  section  develop, 
^nd  shear,  the  full  stress  which  has  been  transmitted  to  it  by  the  rivets  outside  the 

ce- — The  clearance  between  chords  and  web  members  entering  same  and  other 
connections  shall  be  not  less  than  i  in.  in  heavy  structures  and  A  in.  in  light 

ID  PIN  PACKING.— I.  Pins* — Pins  shall  be  proportioned  to  carry  the  reactions 
in  all  the  members  meeting  at  a  point  at  unit  sta^sses  specified.     In  computing 
pnt  on  pins,  assume  each  load  concentrated  at  its  center  of  bearing. 
icking. — Observe  the  following  rules  regarding  arrangement  of  eye-bars  and  pin 

I  Arrange  pin  packing  so  aa  to  reduce  bending  moment  on  ptn  to  minimum. 
ave  at  least  ^  in.  clearance  between  adjacent  surface-s. 
vide  an  additional  clearance  in  the  length  of  the  pin  of  not  leas  than  i  in.  ^ 
en  two  or  more  pin  plates  are  riveted  together,  allow  A  *n*  for  ^^ch  plate,  in  addition 
III  thickness. 

pr.   hinge  plates  are  used  allow  i  in.  clearance  between  hinge  plates  and  faces  of  con- 
surfaces  of  eye-bars  cora|x>sing  a  member  shall  have  a  clearance  of  f  in.  to 
iiititig, 

-bars  are  to  lie  in  planes  aa  nearly  as  possible  parallel  to  the  center  line  of  truss, 
— ^"dirtg  one  inch  in  16  ft.  being  permitted, 

the  engineering  department  of  the  Chicago,  Milwaukee  &  St.  Paul  Ry*; 
]  Chief  Engineer,  and  Mr.  J.  H.  Prior,  Office  Engineer. 
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(8)  Where  distance  between  adjacent  surfaces  is  }  in.  or  more,  filler  rings  dhall  be  proviiird 
to  prevent  lateral  motion*  but  the  aggregate  len^h  of  such  filler  rings  shall  tx?  i  in.  less  than  the 
neat  length  required,  after  making  necessary  allowances  for  packing. 

(9)  The  neat  grip  of  pins  shall  be  the  distance  out  to  out  of  outside  surfaces  after  Eiuikti 
allowances  for  clearance. 

(10)  The  ordered  length  of  ptins  between  shoulders  shall  exceed  the  neat  grip  by  the  folJaiii^ 
altowanccs: 

For  pins  of  3I  in.  diam.  or  less,  allow  \  in. 

For  pins  of  jj  in.  diam.  to  6  in.  diam.,  allow  }  in. 

For  pins  of  6 J  in,  diam.  to  gj  in.  diam.,  allow  f  in* 

GIRDER  WEBS. — Width  of  Web  Plates, ^On  deck  girders  the  web  must  usually  project 
J  in.  abovt  the  back  of  the  top  Kangc  angles,  to  receive  the  notches  in  the  track  ties*  except  lor 
concrete  deck  flotirs  where  the  slabs  rest  on  a  top  cover  plate.  In  other  cases,  where  no  com 
plates  are  required,  the  web  must  be  flush  with  the  top  llange  angles.  At  the  bottom  flange  ia 
all  cases,  and  at  the  top  flange  where  cover  plates  arc  required,  the  web  may  be  set  back  { irt 

Web  plates  shall  not  be  ordered  in  widths  having  a  fraction  of  an  inch  less  than  J  itL 

Thiclmess. — Web  plates  should  ha%^e  a  minimum  thickness  of  ^  in.  At  web  splices  J  la 
clearance  between  ends  of  web  plates  shall  Ix?  allowed. 

Web  Splices  I^ocation.— Web  splices  for  girders,  when  required,  should  preferably  ^  '  ' 
near  the  third  or  quarter  p<:pints,  and  never  when  avoidable  at  the  point  of  maximum  in 

Size, — Web  splices  should  bo  of  sufticient  width  to  take  two  lines  of  rivets  thruu^:.    _. 
section  of  the  web  spliced.     When  not  under  floorbeam  connection  angles,  i  in.  clearance  nmy  be 
allowed  top  and  bottom. 

Moment  Splices, — fn  addition  there  should  be  splice  plates  on  the  vertical  legs  of  ^^ 
angles,  designed  to  splice  the  portion  of  the  web  coyen?d  by  the  flange  and  where  thus  s[ 
resisting  moment  on  the  web  may  be  taken  as  equivalent  to  that  of  {  of  its  gross  area  c>  m-i 
as  flange  section. 

Where  the  splice  plates  on  the  flange  angles  are  omitted,  the  rivets  in  the  flan^^  ■  - 
distance  of  one  foot  either  side  of  the  splice  ma\'  be  considered  as  part  of  the  group  r»t 
and  account  shall  be  taken  of  the  longitudinal  shearing  stress  on  these  rivets  as  w  ii  „.  ,. 
due  to  the  splice. 

Riveting. — The  riveting  shall,  where  practicable,  be  such  as  to  develop  the  full  strength  of 
the  web,  .and  shall  always  be  such  as  to  develop  the  actual  moment  carried  by  the  web  at  any  point: 
this  being  determined  by  multiplying  the  total  moment  on  the  section  by  the  ratio  of  |  of  the  gro?** 
web  section  to  the  tenal  flange  area,  including  this  web  equtv^alent.  Splices  shall  also  be  designed 
to  carry  the  total  shear  on  the  section  due  to  the  assumed  loading. 
^_^,,^.„,J&feOER  FLANGES. — i.  Compositioa.— At  least  }  of  the  area  of  the  fla^  --  ....*:.. 
•"consist  of  angles,  or  else  the  maximum  si7,e  of  the  latter  be  userl,  and  in  no  ca 

of  gravity  of  the  flange  come  ab<ive  the  flange  angles.     For  location  of  center  ol  ^  .: 
J    types  of  flange  and  sizes  of  material,  see  Table  88,  Part  H. 

2.  Composition  of  flanges  shall  preferably  be  as  follows: 

(i)  6"  X  6"  angles  without  cover  plates. 

(2)  6"  X  6"  angles  with  14  in.  or  r6  in.  cover  plates. 

(3)  8"  X  8"  angles  with  17  in.  or  18  in.  cover  plates. 

(4)  8"  X  8"  angles  with  2  or  4-6"  X  4"  angles,  without  cover  plates.     (Type  A4.) 
Thickness  of  flanges  without  cover  plates  shall  not  be  less  than  ^  the  width  of  the  outstaadtaj 

leg  of  thf  angle. 

5.  Net  Section. — The  riveting  in  the  tension  flanges  shall  be  computed  according  to  tnetliiat 
shown  in  Tables  109  to  r  13,  Part  1 L  Where  the  s]>acing  of  flange  rivets  is  not  known  in  advanix. 
about  the  following  allowances  shall  be  made.  In  detailing  flange  riveting,  where  there  is  not  i 
considerable  excess  of  flange  section,  endeavor  to  keep  within  these  allowances:^ 

(i)  Flange  angles  without  cover  plates  and  without  lateral  bracing  connections,  each  anglf— 
one  hole  out. 

(2)  Flange  angles  without  cover  plates,  but  with  lateral  connections,  each  angle — 1|  hal«« 
out. 

(3)  Flange  angles  with  cover  plates,  each  angle — two  holes  out. 

(4)  Cover  plates— two  holes  out* 

4.  Cover  Plates* — Cover  plates  shall  have  the  siime  thirknrss  or  shall  diminish  in 
from  the  flange  angle  out.     In  determining  length  of  cover  plates,  the  curve  of  m.iximunj 

shall  be  established  and  plates  shall  be  made  i  ft.  longer  at  each  end  than  the  theoretical  re«ium:- 
ment. 

5.  Flange  Splices. — Flanges  shall  never  be  spliced  unless  U  is  imp<:»ssfble  to  cet  m  * 
the  required  length.     Where  flange  splices  occur  the  following  requirements  shall  be  o!' 
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fees  shall  always  be  located  at  points  where  there  is  an  excess  of  flange  section. 

\  two  parts  of  the  llange  shall  be  spliced  within  2  ft.  of  each  other* 

Mige  angles  shall  be  spliced  with  a  splice  angle  of  equal  section  riveted  to  both  legs  of 

►Hoed*     When?  this  is  impossiblcp  the  largest  possible  splice  angle  shall  be  used^  and  the 

Bade  up  by  a  plate  riveted  to  the  vertical  leg  of  the  opposite  angle* 

splicing  cover  plates  where  one  or  more  plates  intervene  between  the  splice  plate  and 

late  which  it  splices^  the  requirement  of  paragraph  57  of  the  A.  R.  E.  A.  Specifications 

ihall  be  observed. 

rets  in  splice  plates  and  angles  shall  be  located  as  close  together  as  possible*  in  order 

msfcr  may  take  place  in  a  short  distance* 

►  allowance  shall  be  made  for  abutting  edges  of  spliced  members  of  the  compression 

Ige  Riineting. — Rivets  connecting  flange  to  the  web  shall  be  sufficient  to  resist  at  any 
ttigitudinal  shear  combined  with  any  load  that  is  applied  directly  to  the  tlanges.     The 
I  where  ties  rest  directly  on  the  flanges  shall  be  assumed  to  be  distributed  over  3  ft. 
bch  of  rivets  between  flange  and  web  at  any  section  may  be  computed  by  the  formulas: 
^)ugh  girders,  p  ~  R  •  djS. 

R 
:k  girders,  /> 


>/©■-(!)■ 


_      dinal  spacing  of  rivets  in  inches; 

hie  of  one  rivet  in  bearing  or  double  shear  in  pounds; 

;Tmri   r*  nr^  r  to  center  of  flanges  in  inches; 
t  shear  in  pounds  at  the  section,  reduced  in  the  ratio  of  the  net  area  of 

and  plates  to  the  net  area  of  flange  plus  \  the  gross  web  section. 
lie  ^hct.l  I'Ktd  plus  100  percent  impact. 
dmum  Spacing, — Maximum  spacing  of  rivets  between  flanges  and  web  shall  be; 

^p  flange,  deck  girders .  .3 j  in. 

^p  flange,  through  girders , ..,...,...  4J  in. 

Iivcnience  in  Shop  work^  spacing  of  rivets  in  top  and  bottom  flanges  shall  be  exactly 
potisiblc. 

Its  in  Cover  PUtes. — Where  it  is  necessary  to  compute  spacing  of  rivets  connecting 
\  to  flange  angles,  the  following  formula  may  be  used: 

ft  =  n  *  R  *  d/S  X  A/a 

'  value  of  one  rivet  in  single  shear  or  bearing; 

i  number  of  rivets  on  one  transverse  line  through  cover  plates  and  flanges; 
;  total  area  of  cover  plates  at  section; 
area  of  entire  flange  at  section; 
d  d,  as  in  section  6,  "Flange  Riveting." 

tch  as  computed  by  this  formula  shall  be  diminished  15  per  cent  for  every  cover  plate 
'*  "^'-ns  in  cover  plates  shall  preferably  stagger  half  way  with  the  rivets  in  the  veiti- 
t  angles.     The  maximum  spacing  shall  l>e  6  in. 

i:._.  _.- Js. — For  through  spans  with  circular  ends,  the  end  angles  should  be  spliced  near 
\  the  full  length  anv^K  s  cannot  be  handled  in  making  the  l>ends. 

through  cover  plates  on  circular  ends  must  be  spaced  close  enough  to  draw  the  plates 
It  the  angles.     The  smaller  the  radius,  the  closer  rivets  should  be  spaced. 
fcrnin  of  Angles. — In  plate  girders  whose  top  flange  is  composed  of  four  or  more  angles, 
ehould  he  allowefl  between  the  edges  nf  angles  to  allow  for  overrun. 

re  in  Cover-Plates. ^On  girders  which  are  similar,  but  which  have  webs  nf  different 
;n  the  angles  should  be  left  the  same  and  the  gage  in  the  cover  plate  varied  to 
1 

b  FRNTeR?;.— Intermediate  Stiff eners.— Intermediate  stifl^cners,  except  at  con- 

:>  tnd  shall  bear  tightly  against  top  and  liottom  flange.     The  ordered 

h  -  shall  be  the  finished  length  plus  the  thickness  of  each  angle  over 

I  Stilfenera. — In  general,  the  minimum  sixe  of  stiffeners  bearings  against  6"  X  6" 
m  *hall  be  5"  X  3i"  X  I",  and   against  8"  X  8"  flange  angles  shall  be  6"  X  3}" 

'  rs  at  floorl>eams  of  through  girders  may  have  |  in.  clearance  at  the  top. 
r^  iin<l  under  concentrated  loads  must  bear  on  Ixjttom  flange^  but  may 
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Rivets  in  Stiffeners. — Rivets  in  stilTcner  angles  may  have  tlie  maximum  spaci?  rha: 

(a)  Rivets  in  end  stitTencrs  and  stifltiners  at  concentrated  loads  shall  devclup  tli 
stress  in  the  stiffeners, 

(b)  Spacing  of  rivets  in  end  stiffeners,  intermediate  stiffeners,  and  web  splices  shall  be  kJea!^ 
cal«  except  that  rivets  in  any  line  may  be  omitted  where  possible  without  exceeding  the  r 
specified  pitch,  in  order  to  minimize  shop  work  of  punching. 

Holes  for  Hand^Hooks, — All  stiffeners  on  deck  girders  with  concrete  deck-  »n'<  ^^ 
should  have  hole^  punched  in  the  outstanding  legs  for  inserting  hdnd-htx>k 
inspecting  bridge.     Holes  should  be  |J  in.  diameter  and  located  6  in.  from  t*  , 
girders  and  6  ft.  from  bottom  flange  on  deep  girders.     Gage  line  of  hole  to  b^  li  in.  fruoi  omt] 
edge  of  angle.  ' 

STRINGERS  AND  FLOORBEAMS,— i.  Stringers,— Stringers  for  through  girder  spui 
may  be  cither  I-beams  or  built  girders.  Where  I-bcams  are  used  two  stringers  shall  be  pbcd 
under  each  rail.  Depth  of  stringers  shall  depK^nd  on  available  distance  from  baae  of  rail  to  '*\H 
bridge";  depth  shall  be  preferably  i  to  |,  but  not  less  than  ^,  the  panel  length, 

2.  Floorbeams* — Depth  of  ffi3orbeams  shall  be  such  as  to  allow  stringers  to  be  framed  rcadllf 
into  the  web,  and  not  less  than  J  of  the  distance  center  to  center  of  girders  or  trusses, 

3.  Stringer  Connections, — Stringers  shall  l>e  riveted  to  webs  of  floorbeams  with  |  in*  €<«• 
necti(jn  angles.  Connection  angles  arc  to  be  faced  to  provide  uniform  bearing  against  wrbi  u( 
iioorbeaiiis.     Make  stringers  ^  in.  short  at  each  end  for  clearance  in  erecting, 

4.  Floorbeams  for  Through  Girders, — The  gusset  plates  connecting  ffnorh 
girders  shall,  wherevi?r  possible,  extend  to  the  top  of  the  girder  and  shall  have  ^i : 
along  the  edge,  to  form  an  effective  stay  for  the  top  flange  of  the  main  girder,  and  tin  >  suuj  jm 
form  the  Webs  of  the  end  portions  of  the  floorbeams,  extending  out  toward  the  center  ai  far  a*  the 
clearance  line  will  allow,  ami  being  there  spliced  to  the  main  web. 

5.  Floorbeams  for  Truss  Bridges, ^Floorbeams  for  truss  si>ans  shall  preferably  be  riveted  to 
the  vertical  posts  or  hangers,  extending  the  connection  angle  above  the  top  tlange  where  nt  .Lf^r^ 
to  secure  sumeient  rivets.     When  it  is  necessary  to  cut  away  the  lower  corner  of  the  fl**- 
clear  the  chord,  sfx^rial  care  shall  be  taken  to  so  reinforce  the  web  as  to  carry  the  end 
the  connetjtion  ant^les. 

TRUSS  AND  TOWER  MEBtBERS.— i.  Top  Chord  and  End-post— The  top  chord  »«l 
the  inclined  end-poht  shall  usually  consist  of  two  built  channels,  with  a  thin  cover  plate  on  tCV 
and  with  bottom  flanges  latticed.  The  bottom  flanges  shall  be  made  heavier  than  the  top,  ia 
order  that  the  gravity  axis  may  come  as  close  as  possible  to  the  center  line  of  the  webs. 

2.  Verticals  and  Rigid  Tension  Members.— Intermediate  posts  shall  usually  consist  of  t«» 
rolled  or  built  channels  latticed.  Hip  verticals  and  similar  members  and  the  two  end  pandi 
of  the  bottom  chords  of  single  track  pin-connected  trusses  shall  be  rigid,  and  may  consist 
of  two  rolled  or  built  channels  latticed;  or  of  four  angles  lattict*d  to  form  an  I-section, 

3.  Bye-bars. — -Eye-bars  shall  be  used  for  all  bottom  chord  members  and  main  diae 
do  not  require  to  be  stiffened  in  pin-connected  trusses.     Dimensions  of  heads  shall  bi 
to  manufacturers  shop  standard.     Length  of  eye-bars  shall  be  given  on  the  drawings,  tv 
center  of  pin  holes,  and  also  back  to  back  of  pin  holes, 

4.  Eecentricity.^The  line  of  applied  force  must  coincide  with  the  gravity  axes  of  built 
members  or  else  the  member  must  be  designed  for  combined  direct  stress  and  flexure  due  to  * 
eccentricity  of  the  applied  load. 

5.  Bending  Due  to  Weight. — Bending  moment  in  the  top  chord  and  end-post  due  to  wdfht 

p 
of  member  may  be  computed  by  the  approximate  formula,  -j  :fc  M'c/It  where  P  =*  total  dinfi 

stress  Sn  the  member;  A  ^  gross  area  of  the  section  of  the  member;  M  »  bending  moment  iit  t^ 
section  of  the  member  in  in. -lb.;  c  =  distance  to  extreme  fiber;  and  /  =  moment  of  inertia  of  tkr 
section  of  the  mem^ier,  and  the  stress  from  such  bending  shall  be  deducted  from  the  avcrajf 
compressive  stress  allowed  by  the  column  formula. 

6.  Bending  in  End-posts. — In  computing  streiises  in  the  end-post  of  thmugh  pin 
trusses,  due  to  wind  force,  where  the  end-iwst  consists  of  two  built  or  rolled  channels,  if  tL .  . 
of  the  wind  reaction  in  the  top  chord  times  one-half  the  distance  from  the  foot  of  the  post 
lowest  connection  of  the  portal  bracing  doe-s  not  exceed  the  product  of  the  dead  load  strrsn 
of  the  channels  composing  the  end-post  times  the  distance  center  to  center  of  the  bearings 
channels  on  the  pin,  the  post  may  be  considered  fixed-ended  and  the  point  of  contr^i-l 
assumed  miflway  between  the  foot  of  the  post  and  the  lower  connection  of  the  jxirtal  bi 
Otherwise  it  must  be  considered  pin-connected.     The  end-(JOsts  of  riveted  through  trussics  *! 
be  considered  as  fixed -ended  columns. 

7.  Over-nm  of  Angles. — Where  side  plates  are  used  on  chord  sections  placed  between  t]«j 
flange  angles,  at  least  |  in.  clearance  should  be  allowed  between  the  edges  of  the  plate  and  " 
ahgles  to  allow  for  over-run  of  angles. 


k— B. 
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^HQijM^^  f^^  Rireting. — When  flanged  of  angles  and  channels  of  built  members  are  turned 
HKipl|^ilSDg  bctwetn  edges  of  jiikI^'^  ur  chauneTs  is  required  to  rivet  the  tie  plates  and  lacing. 

LATERAL  AND  SWAY  BRACING. — l.  Minimum  Sizes. — The  minimum  size  of  angles 
bfi  iiaed  in  bracings  shall  be  3J"  X  3"  X  i"*  Not  less  than  thrue  rivets  shall  be  used  in  the 
■Kljon. 

^H^£ffectiTe  Section. — Where  single  angles  are  used  for  bracing  members  without  lug  angles 
^hu^ihe  outstanding  leg  to  the  gusset  plates*  not  more  than  80  per  cent  of  the  net  aection,  if 
^^^^kiall  be  considered  as  ellective, 

^HlVeingle  angles,  used  for  bfacing  members*  have  lug  angles  connecting  their  outstanding 
^Vlhe  gusset  plates,  and  where  the  center  of  the  group  of  connecting  rivets  in  the  gusset 
^■aU  dose  to  the  gravity  line  of  the  angle,  in  plan,  90  per  cent  of  the  net  section  may  be 
^ftred  elTectivc. 

^K  Double  Diagonal  Systems.^ — In  double  diagonal  systems  the  shear  due  to  wind  fort^  shall 
^E-   "  -  carried  wholly  by  one  diagonal  in  tension,  but  the  maximum  value  of  l/r  —  120, 

Bt  icing  members,  shall  not  be  exceeded.     In  assuming  'V*  the  connection  of  di- 

li)9  ai  UK  ii  intersection  may  be  considered  as  ofTering  support  against  deflection  in  the  plane 
the  8\^tem»  but  not  against  deflection  peq^ndiciilar  thereto. 

^^  Bending  at  Connections. ^Connections  between  bracing  memlx*rs  and  chords  shall  be 
^fcij  to  av<iicl  as  far  as  possible  any  bending  stress^  in  main  truss  members. 
HFAUowaoce  for  Draw. — For  diagonal  bracing  of  one  or  two  angles  the  following  draw 
iSd  be  allowed: 

Fur  lengths  up  to  to  ft.  No  Allowance. 

^m  from  10  to  21  ft.  Allow  A  in. 

^H  from  21  to  35  ft.  Allow  j  in. 

^V  over  35  ft.  Allow  A  »"' 

^mt  oS  thirty-secomU  of  an  inch  shanld  be  avoided  but  the  above  allowances  should  not  be 
Bi  by  more  than  ^  in. 

LATERAL  BRACING. — t.  Lateral  Bracing. — Lateral  bracing  shall  be  in  general  as  follows; 

(i)  Deck  girders  and  top  flanges  of  stringers  15  ft.  long  and  over:  single  diagonal  system  with 
Dsverse  struts,  composed  of  single  angles.     Slope  of  diagonals  45°  to  60**  with  axis  of  bridge. 

(^)  Through  ginlers:    Double  diagonal  system  of   same  panel  length  as  floor  system,  com- 
^■^^pgle  angles;  floorbeams  to  act  as  the  transverse  struts  of  the  system. 
^^^Huaes,  loaded  chord:    Double  diagonal  systems  of  same  panel  length  as  floor  systems, 
^Hll^^  single  angles,  or  double  angles  back  to  back;  floorbeams  to  act  as  the  transverse 
^B  tbe  system. 

^B  Trusses,  unloaded  chord:  Double  diagonal  systems  of  same  panel  length  as  floor  system 
^^^nsverse  struts  at  panel  points;  all  comixjsed  of  two  or  four  angles  laceato  form  a  channel 
^prtton.  of  depth  equal  to  aepth  of  chords. 

9.  Tnction  Stresses.— The  lateral  system  in  the  plane  of  the  loaded  chord  of  truss  spans  and 
biough  girder  spans  shall  be  effectively  riveted  to  the  stringers  at  intersections,  and  the  diagonal 
ft^  designed  to  transmit  the  traction  for  one  panel  length  of  track  to  the  panel  point;  one 
^■al  for  each  stringer  considered  acting  in  tension. 

^CKpping  Angles  for  Clearance. — The  vertical  leg  of  laterals  should  be  clipped  at  the  end 
rn  there  is  a  possibility  that  the  square  corner  would  interfere  m  any  way  with  putting  in  the 
rrals  or  riveting  up.  This  is  to  be  particularly  looked  out  for  at  floorbeam  connections  of 
[jugb  girder  spans  and  in  top  laterals  of  Type  A4  girder  spans. 

4.  S4iiarmg  of  Holes  in  Connections,— Where  laterals  are  riveted  to  stringers  the  holes 
yki  be  squared  with  the  stringers,  if  possible.     At  the  intersection  of  diagonals,  the  holes  in 
pESi  with  two  lines  of  rivets  should  be  squared  with  lateral  and  skewed  on  the  splice  plate, 
■■riltai  plates  and  Lacing  S3mimetricaI.^Where  laterals  have  tie  plates  or  tie  plates  and  lacing 
^^^Hkould  bedetailed  symmetricallv  sothat  thcangleswill  l?e  identical  by  turning  end  forenri. 
■Hfiml  Plates  C3  and  C4  Spans. — The  lateral  plates  of  Type  C3  and  Tj^pe  C4  girder 
^RSaiiges  two  angles  and  cover  plates)  should  not  be  shop  riveted  to  the  girders,  as  it  is 
^HU^to  put  in  lloodjeam  connection  angles  when  this  is  done. 
^^HRSVERSE  BRACING.^!.  Transverse  bracing  shall  be  used  as  follows: 
^^B|r  iTTT'^r\%ds  of  not  more  than  15  ft.  on  deck  girder  spans.     Intermediate  frames  shall  be 
^6r^  renal.     End  frames  shall  be  designed  to  carr>*  to  the  abutment  the  total  lateral 

B  »  the  top  flange.     End  frames  of  skew  deck  girders  shall  be  placed  at  the  end 

^HMrt  md  at  right  ancles  to  same.     Top  and  bottom  lateral  diagonal  braces  shall 

^^Bp  f^  fid  of  the  lon^  ^inler. 

'  -*-^-  -  r^  resting  on  masonry  where  end  floorbeams  cannot  be  used.     These 
rs  or  tru^s  shoes  where  practicable. 
It  ill  expansion  points. 

spans,  having  vertical  truss  members.     These  frames 
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(5)  Through  truss  spans  shall  have  riveted  portal  braces  rigidly  connected  to  the  end-poiti 
and  top  chords.  They  shall  be  as  deep  as  clearance  will  allow,  and  shall  be  designed  to  carry  to 
the  abutment  the  total  wind  force  acting  on  the  top  chord. 

(6)  At  panel  points  of  deck  truss  spans,  having  vertical  members.  Intermediate  fnuna 
shall  be  designed  to  carry  i  the  panel  concentration  of  wind  and  centrifugal  force  to  the  botton 
chord  and  the  end  frame  shall  be  designed  to  carry  }  the  total  wind  and  centrifugal  force  acdiy 
on  the  top  chord  to  the  abutment. 

Frames  for  (i),  (2)  and  (3)  shall  consist  of  single  angle  struts,  top  and  bottom  and  double 
diagonals.  Frames  for  (4)  may  consist  of  knee  braces  attached  to  the  top  lateral  struts,  but  pre- 
ferably where  clearance  permits,  of  light  open  webbed  girder.  Portal  frames  shall  consist  of  opn 
webbed  girders,  with  knee  braces  connections  to  inclined  posts.  Frames  for  (6)  shall  consist  of 
double  diagonals  running  between  floorbcams  and  lower  lateral  struts  and  compoeed  of  two  angla 
back  to  back,  or  of  two  or  four  angles  laced. 

2.  Diaphragms  for  Twin  Dedc  Spans. — Diaphragms  connecting  two  pairs  of  twin  giiden 
are  to  be  omitted  on  shallow  spans.  Where  the  girders  exceed  %  ft.  6  in.  in  depth,  diaf^ragsudBl 
be  added  for  rigidity.     They  shall  be  connected  to  girders  with  field  bolts. 

3.  End  Cross  Frames  and  Diaphragms. — In  the  design  and  kx:ation  of  end  cross  frames  aod 
diaphragms  their  shape  and  position  shall  be  such  as  to  give  access  to  the  space  between  tk 
girders  for  inspection,  painting  and  the  placing  of  anchor  bolts. 

R£FERENC£S.~For  the  calculation  of  the  stresses  in  railway  bridges  and  for  additboil 
details  and  the  details  of  design,  the  following  books  may  be  consulted:  Merriman  &  Jacdbfi 
'*  Roofs  and  Bridges,**  Part  I,  Stresses;  Part  II,  Graphic  Statics;  Part  III,  Bridge  Design;  Pirt  IV, 
Higher  Structures;  Johnson,  Bryan  and  Turneaure's  "Framed  Structures,"  Part  I,  StieMi, 
Part  II,  Statically  Indeterminate  Structures  and  Secondary  Stresses;  Part  II,  Design  (in  prep- 
aration); Marburg's  "Framed  Structures,"  Part  I,  Stresses;  SpoflFord's  "Theory  of  Structures," 
stresses  in  structures;  DeBois*s  "Framed  Structures";  Burr  and  Falk's  "Design  and  Constructioa 
of  Metallic  Bridges";  Skinner's  "Details  of  Bridge  Design,"  Parts  I,  II,  III;  Moore's  "Desigt 
of  Plate  Girders";  Ketchum's  "The  Design  of  Highway  Bridges,"  stresses,  details  and  design. 


Introduction. — ^A  retaining  wall  is  a  structure  which  sustains  the  lateral  pressure  of  earth  or 
r  granular  mass  which  possesses  some  frictional  stability.  The  pressure  of  the  material 
will  tlcjx^nrj  upon  the  materialt  the  manner  of  depositing  rn  place,  and  upon  the  amount 
of  iDutsture.  and  will  vary  from  zero  to  the  full  hydraulic  pressure,  If  dry  clay  is  loosely  deposited 
behind  the  wall  it  will  caCert  full  pressure,  due  to  this  condition.  In  time  the  earth  may  become 
€»naoltdatcd  and  cohesion  and  moisture  make  a  solid  clay,  which  may  cause  the  bank  to  shrink 
away  frtjtn  the  wall  and  there  will  be  no  pressure  exerted.  On  the  other  hand  all  cohesion  may 
be  destroyed  by  the  vibration  of  moving  loads  or  by  saturation,  and  the  maximum  theoretical 
pf«e»yfes  may  occur.  The  pressures  due  to  a  dry  granular  mass,  a  semi-fiuid,  without  cohesion, 
<d  indefinite  extent,  the  particles  held  in  place  by  friction  on  each  other,  will  be  considered.  The 
effect  of  cohesion  and  of  limiting  the  c3ftcnt  of  the  mass  is  considered  in  the  author's  "The  Design 
ol  VVallss  Bins  and  Grain  Elevators/* 

Nomendature^^The  following  nomenclature  will  be  used: 

#  »  the  angle  of  repose  of  the  filling. 

#'  =  the  angle  of  friction  of  the  filling  on  the  back  nf  the  ivalL 

#  •  the  angle  between  the  back  of  the  wall  and  a  horiiEontal  line  (massing  through  the  heel  of  the 

wall  and  extending  from  the  back  into  the  fill. 
4  =«  angle  of  surcharge,  the  angle  between  the  surface  of  the  filling  and  the  horizontal;  5  is 

ptWlivc  when  nie-asured  above  and  negative  when  measured  below  the  horizontal, 
a  »  the  angle  which  the  resultant  earth-pressure  makes  with  a  normal  to  the  back  of  the  wall, 
X  *  the  angle  between  the  resultant  thrust,  P^  and  a  horizontal  line. 
A  -  the  vertical  height  of  the  wall  in  feet. 

d  *  tiie  width  of  the  base  of  the  wall  in  feet,  ^ 

b  «  the  dbtance  from  the  center  of  the  base  to  the  point  where  the  resultant  pi^ssure,  £,  cuts 

the  base. 
P  —  tJie  resultant  earth-pressure  per  foot  of  length  of  wall, 
£  *  the  resultant  of  the  earth -pressure  and  the  weight  of  the  walL 
w  »  the  wdght  of  the  hi  ling  per  cubic  foot. 
W  9  ihc  total  w*eighl  of  the  wall  jx^r  fo^Jt  of  length  of  wall, 
^  *=  the  pressure  on  the  foundation  due  to  direct  pressure. 
Pf  =  the  pin:«isure  on  the  foundation  due  to  bending  moments. 
p  =  the  npsultant  pressure  on  the  foundation  due  to  direct  and  bending  forces, 
y  =  the  ilepth  of  foundation  below  the  earth  surface. 

Calculation  of  the  Pressure  on  Retaining  Walls.— To  fully  determine  the  pressure  of  the 

filling  on  a  retaining  wall  it  is  necessary  that  the  resultant  of  the  pressure  be  known  (a)  in  amount, 

(h  in  line  of  action,  and  (c)  in  point  of  application.     Many  theories  have  been  proposed  for 

Ending  the  pressure,  each  differing  somewhat  as  to  the  assumptions  and  results.     All  theories 

for  the  design  of  retaining  walls  that  have  any  theoretical  basis  come  in  two  classes:  (i)  the  Theory 

^  roTTTUirite  Pressures,  due  to  Rankine,  and  commonly  known  as  Rankine*s  Theory,  and  (2) 

*^'  f  the  Maximum  Wedge,  probably  first  propf>scd  by  Coulomb,  and  commonly  known 

^  '  Theory.     Rankine's  The«»ry  determines  the  thrust  in  amount,  in  line  t»f  action,  and 

*p  point  of  application.     In  Coulomb's  Theor>%  with  the  exception  of  Weyrauch's  solution,  the 

'■^Qc  of  actii^n  And  point  of  application  must  be  assumed,  thus  leading  to  numerous  solutions  of 
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more  or  less  merit.  All  solutions  based  on  the  theory  of  the  wedge  assume  that  the  retultaot 
thrust  is  applied  at  one-third  the  height  for  a  wall  with  a  level  or  inclined  surcharge,  as  is  gim 
by  Rankine;  but  the  resultant  is  assumed  as  making  angles  with  a  normal  to  the  back  of  die 
wall  varying  from  zero  to  the  angle  of  repose  of  the  filling.  In  Rankine's  solution  the  resultaM 
pressure  is  parallel  to  the  plane  of  the  surcharge  for  a  vertical  wall  with  a  level  or  positive  surchaife. 

(i)  RANSINE'S  THEORY.— In  this  theory  the  filling  is  assumed  to  conmst  of  an  incom- 
pressible, homogeneous,  granular  mass,  without  cohesion,  the  particles  are  held  in  position  bjr 
friction  on  each  other;  the  mass  being  of  indefinite  extent,  having  a  plane  top  surface,  resting 
on  a  homogeneous  foundation,  and  being  subjected  to  its  own  weight.  The  principal  and  conju- 
gate stresses  in  the  mass  are  calculated,  thus  leading  to  the  ellipse  of  stress.  In  the  analysb  it 
is  proved  (a)  that  the  maximum  angle  between  the  pressure  on  any  plane  and  the  normal  to 
the  plane  is  equal  to  the  angle  of  internal  friction,  and  (b)  that  there  is  no  active  upward  component 
of  stress  in  a  granular  mass.  Both  of  these  laws  have  been  verified  by  experiments  on  semi- 
fluids.  Rankine  deduced  algebraic  formulas  for  calculating  the  resultant  pressure  on  a  vertical 
wall  with  a  horizontal  surcharge,  and  on  a  vertical  wall  with  a  surcharge  equal  to  5,  an  angle 
equal  to  or  less  than  the  angle  of  repose.  The  general  case  is  best  solved  by  constructing  tbe 
ellipse  of  stress  by  graphics,  or  Weyrauch's  algebraic  solution  may  be  used.  The  author  hai 
extended  Rankine's  solution  in  "The  Design  of  Walls,  Bins  and  Grain  Elevators,"  so  that  it  if 
perfectly  general. 

Rankine's  Formulas. — ^With  a  vertical  wall  and  a  horizontal  surcharge,  Fig.  i,  the  total 
resultant  pressure  is 

I  —  sin  0 


P  =  iw'h* 


I  +  sin  0 


(I) 


where  w  is  the  weight  of  the  filling  in  lb.  per  cu.  ft.,  h  is  the  depth  of  the  wall  in  feet,  ^  is  the  angk 
of  repose  of  the  filling,  and  P  is  the  resultant  pressure  on  the  wall  in  pounds.  The  resultant 
pressure,  P,  will  be  horizontal. 


Fig.  I. 
For  a  vertical  wall  with  surcharge  at  an  angle  5,  Fig.  2,  the  pressure  is  given  by  the  formula 

(2) 


P  =  iwh*'Cos6 


cos  5  —  Vcos*  5  —  cos*  0 


cos  6  +  Vcos'  6  —  cos*  0 


Where  5  is  equal  to  ^,  formula  (2)  becomes 

P  =  iw'h*  cos  <t> 


(3) 


The  resultant  pressure,  P,  is  parallel  to  the  inclined  top  surface  for  a  vertical  wall  with  a  level 
or  a  positive  surcharge  (many  authors  have  incorrectly  assumed  that  the  resultant  pressure  » 
always  parallel  to  the  top  surface  of  the  surcharged  filling). 

Inclined  Retaining  Wall. — ^The  pressure  on  an  inclined  retaining  wall  may  be  calculated  bf 
means  of  the  ellipse  of  stress — see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevatofs.** 
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'.  on  an  inclined  retaining  wall  may  also  be  calculated  by  means  cjf  the  graphic  solution 
P'ig,  3  if  ihe  direction  of  the  thrust  be  known.  From  Rankine's  theory  we  know  that 
ibe  resulliint  pressure  on  a  vertical  retaining  wall  is  always  parallel  to  the  top  surface  where  the 
ftirciiargc  is  level  or  h  inclined  upwards  away  from  the  wall.  The  pressure  on  a  retaining  wall 
Jodinod  away  from  the  filling  may  then  be  calculated  as  follows: 


Fig.  3,    Pressure  on  ah  Inclined  Retaining  Wall, 


In  Ftg,  3  the  retaining  wall  A  CDS  sustains  the  pressure  of  a  filling  having  an  angle  of  repose 
4«  and  sloping  up  away  from  the  top  of  the  wall  at  an  angle  3.  Calculate  P*  the  pressure  on  the 
plane  E-B  by  means  of  formula  (2).  P*  acts  at  a  point  \EB  above  B  and  is  parallel  to  the 
top  surface  OR.  Let  the  weight  of  the  triangle  of  filling  DBE  be  G,  which  acts  through  the 
center  of  gravity  of  the  triangle  and  intersects  P*  at  pjint  0.  Then  Pu  the  resultant  of  P' 
and  G,  will  be  the  resultant  pPL'ssurr  at  0,  and  makes  an  angle  i  with  a  normal  to  the  back  of  \ht 
mil,  and  an  angle,  X  =  <?  ^-  s  —  90°  with  the  horizontal. 

{2)  COULOMB'S  THEORY.— In  this  theory  it  is  assumed  that  there  is  a  wedge  having 
tkm  wall  as  one  sitle  and  a  plane  culletl  the  plane  of  rupture  as  the  other  side,  which  exerts  a  maxi- 
mum  thrust  on  the  wall  The  plane  of  rupture  lies  between  the  angle  of  repose  of  the  filling  and 
the  back  tif  the  wall.  It  may  coincide  with  the  plane  of  refjose.  For  a  wall  without  surcharge 
Pniricontal  surface  back  of  the  wall)  and  a  v^ertical  wall  the  plane  of  rupture  bisects  the  angle 
btfween  the  plane  of  reprise  and  the  back  of  the  walL  This  theory  does  not  determine  the  direc- 
tioa  «rf  the  thrust,  and  leads  to  many  other  theories  having  assumed  directions  for  the  resultant 
pncasure. 

Algebndc  Method. --In  Fig,  4,  the  wall  with  a  height  A.  slopes  toward  the  earth,  being  in- 
clined to  the  horizontal  at  an  angle  ff,  and  the  earth  has  a  surcharge  with  slope  5,  which  is  not 
frratef  than  ^«  the  angle  of  repose.  It  is  required  to  find  the  pressure  P  against  the  retaining 
wall,  it  being  assumed  that  the  resultant  pressure  makes  an  angle  z  with  the  back  of  the  wall, 

li  b  assumed  that  the  triangular  prism  of  earth  above  some  plane,  the  trace  of  which  is  the 
line  A  £,  will  produce  the  maximum  pressure  on  the  wall  and  on  the  earth  below  the  plane,  and 
thait  in  turn  the  prism  will  be  supported  by  the  reactions  of  the  wall  and  the  earth.  Let  OW 
Tt\tr^9€nx  the  weight  of  the  prism  A  BE,  the  length  of  the  prism  being  assumed  equal  to  unity, 
let  OP  be  the  reaction  of  the  wall,  and  OR  be  the  reaction  of  the  earth  below. 

Now  the  forces  OW^  OP,  and  OR  will  be  concurrent  and  will  be  in  equilibrium;  OP  and  OR 
vill  tbercrfofc  be  components  of  OW.    When  the  prism  ABE  h  just  on  the  point  of  moving  OP 
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will  make  an  angle  with  a  normal  lo  the  back  of  the  wall  equal  to  s  (different  authorities  assume 
values  of  z  from  zero  to  0\  the  angle  of  friction  of  earth  on  masonry,  or  0,  the  angle  of  repose  of 
earth) ;  while  OR  will  make  an  angle  with  the  normal  to  the  plane  of  rupture  A  E  equal  to  ^. 
Let  P  represent  the  pressure  OP  against  the  wall,  W  represent  the  weight  of  the  prism  of  earth, 
and  w  the  weight  per  cu.  ft. 


6" 


.X-' 


/ 


\      / 

\  ^ 

Fig.  4. 


/ 


y 


y 


In  the  triangle  OWR  angle  WOR  =-  x  -  4>,  and  angle  ORW  =  «  +  0+«-Jc.  Through  E 
draw  EN,  making  the  angle  AEN  =  $  -{- <t>  -{-  z  —  x  with  AE,  Then  the  triangle  A  EN 'a 
similar  to  triangle  ORW,  and 


W 


EN 
AN' 


and 


P  ^W 


EN 
AN 


But  IT  equals  «;•  area  triangle  ABE  =  i«;-i4  5-5£:-sin  («  —  «),  and 

r,       1       .     /.       .N  AB'BE'EN 
P  =  Jw-sm  (^  -  5)  -    -j^ 


(4) 


Now  P  varies  with  the  angle  x,  and  will  have  a  maximum  value  for  some  value  of  x,  whick 
may  be  found  by  differentiating  (4)  and  placing  the  result  equal  to  zero. 
Differentiating  and  substituting  in  (4)  and  reducing  we  have 

,      ,,  sin»  {e  -  <t>) 1-^ 

.     /^   ,     s  /        ,      /sin  (s  +  0)'sin  (0  -  a)  V 

which  is  the  general  formula  for  the  pressure  on  a  retaining  wall. 

Now  if  z  in  (5)  is  made  equal  to  4>\  the  angle  of  repose  of  earth  on  the  wall, 

sin«  (i9  -^) (y) 


iw'h* 


,  VMJ 


la    '   v^  .    .^sf.    .    J.  sin  (0 -f  <»0' sin  (<».-<)  V 


which  is  Cain's  formula  (20)  in  another  form. 
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If  I  in  (5)  te  made  equal  to  «,  and  $  made  equal  to  90** 

cos*  4> 


P  -  iw.*« 


cos 


iiich  is  Rankine's  formula  (2)  in  another  form. 
If  s  in  (5)  is  made  equal  to  zero, 


0(1    I    Jsin0»sin(0-g)Y 
''V     ^A'  8in^-8in(^-a)/ 


bich  gives  the  normal  pressure  on  a  wall. 
If  e  in  (9)  =  90^ 

cos*  0 


p  =  iwA* 


If  b  in  (10)  =  o*. 


(■■^V°*t?"")' 


=  iw.A* 


cos*  0 


(I  +  sin  0)* ' 
iw-A*  tan*  (45**  -  10) 
1  —  sin  0 
I  +  sin  0 


(8) 


(9) 


(10) 


(II) 
(12) 


rhkh  is  Rankine's  formula  (i)  for  a  vertical  wall  without  surcharge. 

Graidiic  Method. — If  the  angle  s,  the  angle  between  the  back  of  the  wall  and  a  normal  to 
he  wall,  is  known,  the  resultant  pressure  on  a  wall  may  be  calculated  by  a  graphic  method, 
"ig.  5,  based  on  the  "theory  of  a  wedge  of  maximum  thrust."  The  graphic  method  will  be 
bcribed — the  proof  of  the  method  is  given  in  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 


■a*z 


>' 


P'^^SSNXw 


C 

Fig.  5. 

In  Fig.  5  the  retaining  wall  A  B  sustains  the  pressure  of  the  filling  with  a  surcharge  5  and 
^  angle  of  repose  0.     It  is  required  to  calculate  the  resultant  pressure  P. 

The  graphic  solution  is  as  follows:  Through  B  in  Fig.  5  draw  BM  making  an  angle  with  BF, 
^  normal  to  AD,  equal  to  X  -  5  +  s  —  90"*,  the  angle  that  P  makes  with  the  horizontal.    With 
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diameter  AD  describe  arc  A  CD.  Draw  MC  normal  to  AD  and  with  il  as  a  center  and  a  radtui 
A C  describe  arc  CN,  Then  AN  -^  y,  AM  =  6  and  y  =  ^Vo^.  Draw  EN  parallel  to  BU, 
With  iV  as  a  center  and  radius  E  N,  describe  arc  ES.  Then  AE\»  the  trace  of  the  plane  d 
rupture,  and  P  =  area  SEN'W. 

Cain's  Formulas.* — Professor  William  Cain  assumes  that  the  angle  s  is  equal  to  ^',  the 
angle  of  friction  of  the  filling  on  the  back  of  the  wall.     By  substituting  in  (5)  we  have  for  a 

Vertical  WaU  WWi  Level  Surface,  «  =  o. 


where 


p,j«,.».(c^Y   I  (,3) 

\n  -f  I  /  COS  0'  ^ 


n 

_  j8in(0  +  0')-sin0 

\                  COS0' 

U4> 

-<>\ 

then  n 

=  >/  2  sin  <t>,  and 

P 

-JurA'           ^^^ 

'"    "  (I  +  sin  0/2)« 

If^' 

=  0, 

then 

P 

=  itt;.A«.tan«(45°-j) 

Vertical  WaU  With  Surcharge  =  6. 

P 

,    ^,  /  cos  4>  y    I 

-*^-**Vn  +  i)cos0' 

where 

n 

/sin  (0-f  0')-sin  (0  -6) 

Af                   COS0'-COS« 

If«  = 

=  <^, 

P 

,       , ,  cos'  (t> 
cos  0' 

If^' 

=  0, 

and  5  = 

=    0, 

(14) 
(15) 
(16) 

(17) 

P  =  }wA»-cos«0  (18) 

Inclined  Wall  With  Horizontal  Surface. 


where 


„       ,      , .  /   sin  (^  —  0)   \«  I  .^K 


where 


Vsin  (0  +  00- sin  0 
sInT0'  -f  ^)-sind 
Inclined  Wall  With  Surcharge  =  «. 

_       1      ,,/'    sin  (^ -0)  V___J__  /-vi^ 

P  =  iw^h*[^^  -^,y^e)  sin(0'+^)  ^^' 


Vsin_(0  +  0')-sin  (0  —  8) 
sin(0'  +5).sin  (0  -  «)' 


Wall  With  Loaded  Filling. — In  Fig.  6,  the  filling  is  loaded  with  a  uniformly  distributed  load. 
Calculate  hi  by  dividing  the  loading  per  sq.  ft.  by  w.  Let  h  -{-  hi  '^  H,  Then  the  resultant 
pressure  for  a  wall  with  height  //,  will  be 

Pt  =  \W'IP'K  (2\) 

and  the  resultant  pressure  for  a  wall  with  height  Ai,  will  be 

Px^lw'hi^'K  (22) 

*  Professor  Rebhann  makes  the  same  assumptions  and  uses  the  graphic  method  of  Fig.  5. 
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The  pressure  on  the  wall  AD  will  be 

;>  «  P, -P,  -  jT«'(fl'-*>')Ji: 

Bd  the  point  of  application  is  through  the  center  of  gravity  of  ADGE,  which  makes 

IP+Hh,-  aA,' 


yi  =  i 


H  +  ki 


^t*  Loading  per  s^.fn^iv 


Walls  With  Negative  Stircharge. — For  the  calculation  of  the  pressures  on  retaining  walls  with 
^■d%'p  surcharge,  h  negativep  see  the  author*s  **  The  Design  of  Walls^  Bins  and  Grain  Elevators/*  ^ 
^Hd  edition. 

^STABILITY    OF    RETAIinNG    WALLS,— A  retaining  wall  must  be  stable   (i)  against 
Kvcf turning.  (2)  against  sliding,  and  (3)  against  crushing  the  masonr>»  or  the  foundation, 
j       The  factor  of  safety  of  a  retaining  wall  is  the  ratio  of  the  weight  of  a  filling  ha\ing  the  same  ] 
flc  of  internal  friction  that  will  just  cause  failure  to  the  actual  weight  of  the  filling.     For  a 
of  iafcty  of  2  the  wall  would  just  be  on  the  point  of  failure  with  a  filling  weighing  twice 
which  the  wall  b  built. 

Overturning. — In  Fig.  7,  let  P^  represented  by  0P\  be  the  resultant  pressure  of  the  earth, 
presented  by  OW,  be  the  weight  of  the  wall  acting  through  its  center  of  gravity.     Then 
iited  by  OK^  will  be  the  resultant  pressure  tending  to  overturn  the  wall. 
OS  through  the  point  A.     For  this  condition  the  wall  will  be  just  on  the  point  of  , 
ling,  and  the  factor  of  safety  against  overturning  will  be  unity.    The  factor  of  safety 
-  OR  will  be 

U  »  SWIRW  (25) 

2.  SU^ng. — tn  Fig.  7  construct  the  angle  H\  G  equal  to  ^'»  the  angle  of  friction  of  the  masonry 
ion.     Now  if  £  passes  through  i,  and  takes  the  direction  OQ,  the  wall  will  be  on 
Miiing,  and  the  factor  of  safety  against  sliding,/*,  will  be  unity.     For  R  »=  OR,  the 
cl  fiitety  against  sliding  will  be 

/i  «  QMURM  (26) 


ptor 


Retaining  walls  seldom  fail  by  sliding. 

The  factor  of  safety  against  sliding  is  sometimes  given  as 


/,  *   5  tan  0'. 


H 


Equations  (26)  and  (27)  give  the 


values  only 


^  is  the  borixontal  component  of  P. 
i  the  reMiitant  P  h  horizontal. 
Cnahiiig* — ^In  Fig*  7  the  load  on  the  foundation  will  be  due  to  a  vertical  force  F,  which  | 
a  iinaform  stress,  pt  ^  Ffd, over  the  area  of  the  base,  and  a  bending  moment  =  F*b, 
compression,  p%,  on  the  front  and  tension,  /*j,  on  the  back  of  the  foundation. 


ii^ii^Mi 
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The  sum  of  the  tensile  stresses  due  to  bending  must  equal  the  sum  of  the  compressive  stresK^ 
s  iptd.  These  stresses  act  as  a  couple  through  the  centers  of  gravity  of  the  8tre»  trianglei  a 
each  side,  and  the  resisting  moment  is 


?=^- 


<y    -i^- 


tFb 


fr-^'0i-^) 


r  ' 


and 


Fig.  7. 
But  the  resisting  movement  equals  the  overturning  moment,  and 


Fig.  8. 


/>!   = 


6F-b 


The  total  stress  on  the  foundation  then  is 

p  ^px^pi^  pi{i 
Now  if  6  =  id,  we  will  have 


66/(0 


(29) 


(30) 


p  =  2pu    or    o. 

In  order  therefore  that  there  be  no  tension,  or  that  the  compression  never  exceed  twice  the 
average  stress,  the  resultant  should  never  strike  outside  the  middle  third  of  the  base. 

If  the  resultant  strikes  outside  of  the  middle  third  of  a  wall  in  which  the  masonry  can  take 
no  tension,  the  load  will  all  be  taken  by  compression  and  can  be  calculated  as  follows: 

In  Fig.  8  the  resultant  F  will  pass  through  the  center  of  gravity  of  the  stress  diagram,  and 
will  equal  the  area  of  the  diagram. 

F  =  ip-a 
and 

-if 

which  gives  a  larger  value  of  p  than  would  be  given  if  the  masonry  could  take  tension. 

General  Principles  of  Design* — The  overturning  moment  of  a  masonry  retfiiining  wall  d 
gravity  section  depends  upon  the  weight  of  the  fllfing,  the  angle  of  internal  friction  of  the  finingi 
the  surcharge,  and  the  height  and  shape  of  the  wall.    The  resisting  moment  depends  upon  the 
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[of  the  maaofiry,  the  width  of  the  foundation,  and  the  cross-section  of  the  walL  The  most 
srctton  for  a  masonry  retaining  wall  is  obtained  when  the  back  slof»es  toward  the 
I  cold  localities,  however,  tlm  form  of  section  may  be  displaced  by  heaving  due  to  the 
rost,  and  it  is  usual  to  build  retaining  walla  with  a  slight  batter  forwards.  The  front  of 
^  wall  i»  usually  built  with  a  batter  of  from  i  in.  to  i  in.  in  12  in.  In  order  to  keep  the  center 
^^ity  of  the  wall  back  of  the  center  of  the  ba»c  it  is  necessary  to  increase  the  width  of  the 
^K  the  base  by  adding  a  projection  to  the  front  side.  Where  the  wall  is  built  on  the  line 
^Kht  of  way  it  is  sometimes  nect?ssar>^  to  increase  the  width  of  the  base  by  putting  the  pro- 
^K  on  the  rear  side,  making  an  L-shapcd  wall  The  weight  of  the  filling  upon  the  base  and 
^Bt  the  wall  adds  to  the  stability  of  the  u-alL  Where  the  wall  is  built  to  supfx>rt  an  em- 
^Hent  expensive  to  e^ccavate,  it  is  often  economical  to  make  the  wall  L-shaped,  with  all  the 
^yjection  on  the  front  side. 

In  calculating  the  thrust  on  retaining  walls  great  care  mu»t  be  exercised  in  selt^ting  the 
>per  values  of  w  ami  0,  and  the  conditions  of  surcharge.     It  will  be  seen  from  the  preceding 
I  that  the  value  of  the  thrust  increases  ven'  rapidly  as  4>  decreases,  and  as  the  surcharge 
Where  the  wall  is  to  sustain  an  embankment  carr>'ing  a  railroad  track,  buildings, 
loads,  a  proper  allowance  must  be  made  for  the  surcharge. 

filling  back  of  the  wall  should  l>e  deposited  and  tamped  in  approximately  horizontal 
I"  or  with  layers  sloping  back  from  the  wall;  and  a  layer  of  sand,  gravel  or  other  porous 
should  be  deposited  between  the  hlling  and  the  wall,  to  drain  the  filling  downwards. 
>  insure  drainage  of  the  filling,  drains  should  be  provided  back  of  the  wall  and  on  top  of  the 
^ting,  and  **weep-boles**  should  be  provided  near  thu  Ixjttom  of  the  wall  at  frequent  intervals 
allov  the  water  to  pass  through  the  wall.  With  walls  from  15  to  25  ft.  high,  it  is  usual  to  use 
recpcrs"  4  in.  in  diameter  placed  from  15  to  20  ft.  apart.  The  ''weepers"  should  be  connected 
longitudinal  drain  in  front  of  the  wall.  The  filling  in  front  of  the  wall  should  also  be 
'  drained. 

pcrmissiible  point  at  which  the  resultant  thrust  may  strike  the  base  of  the  foundation 
il  depend  upon  the  material  upon  which  the  retaining  wall  rests.  When  the  foundation  is 
id  rock  or  the  wall  is  on  piles  driven  to  a  good  refusal,  the  resultant  thrust  may  strike  slightly 
taide  the  middle  third  with  little  danger  to  the  stability  of  the  wall.  When  the  retaining  wall, 
Wrver,  rests  upon  compressible  material  the  resultant  thrust  should  strike  at  or  inside  the  center 
ilbt  base,  W^here  the  resultant  thrust  strikes  outside  of  the  center  of  the  base,  any  settlement 
^Bwall  will  cause  the  top  to  tip  fon*'ard,  causing  unsightly  cracks  and  local  failure  in  many 
Pl^nd  total  failure  where  the  settlement  is  excessive.  Where  extended  footings  are  used  it 
ly  Iw  necessary  to  use  some  reinforcing  steel  to  prevent  a  crack  in  the  footing  in  line  with  the 
[  the  wall, 
lin  m^i5(.}nry  walls  should  be  built  in  sections,  the  length  depending  upon  the  height  of  the 

"  foundation  and  other  conditions. 
►Icr  usual  conditions  the  length  of  the  sections  should  not  exceed  40  ft,,  30  ft.  sections 
"preferable,  and  in  no  casi*  should  the  length  of  the  section  exceed  about  three  times  the 
ight.  Separate  sections  should  Ik?  held  in  line  and  in  elevation,  either  by  grooves  in  the  masonry 
by  mean<;  «>f  short  bars  placed  at  intervals  in  the  cross-section  of  the  wall,  fastened  rigidly  in 
tion  and  sliding  freely  in  the  other.  The  back  of  the  expansion  joints  should  be  watcr- 
[  with  3  *>r  4  layers  of  burlap  and  coal  tar  pitch.  The  burlap  should  be  about  30  in.  wide» 
And  the  burlap  should  be  applied  as  on  tar  and  gravel  roofs.  The  joints  Ijetween 
i  of  a  retaining  wall  on  the  front  side  should  be  from  I  to  |  of  an  in.  tn  width,  and 
►  farmed  by  a  V-shaped  groove  made  of  sheet  steel  and  fastened  to  the  forms  while  the 
being  placed.  Wliere  there  is  danger  of  the  water  in  the  filling  percolating  through 
'  In  an  alkali  countr>%  the  surface  of  the  back  of  the  wall  should  l)e  coaled  with  a  water- 
ing;. TH«*  mo9t  satisfactory  waterproof  coating  known  to  the  author  is  a  c<ml  tar 
It;  refincfj  coal  tar,  Portland  cement  and  kerosene  in  the  proportions  <jf  16 
•  i,  4  pi\rts  of  Portland  cement  and  3  parts  of  kerosene  oil.     The  Portland 
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cement  and  kerosene  should  be  mixed  thoroughly  and  the  coal  tar  then  added.  In  cold  weathff 
the  coal  tar  may  be  heated  and  additional  kerosene  added  to  take  account  of  the  evaporatioi. 
This  paint  not  only  covers  the  surface  but  combines  with  it,  so  that  two  or  three  coats  are  some* 
times  required.  While  the  surface  of  the  concrete  should  be  dry,  coal  tar  paint  will  adhere  to 
moist  or  wet  concrete.  In  building  retaining  walls  in  sections,  the  end  of  the  finished  section  AaiM 
be  coated  with  coal  tar  paint  to  prevent  the  adhesion  to  the  next  section. 

For  methods  of  waterproofing  masonry,  see  methods  of  waterproofing  bridge  floors  in  Chap- 
ter IV. 

DESIGN  OF  RETAINING  WALLS.— The  design  of  masonry  retaining  walls  wOl  bt 
illustrated  by  the  design  of  the  retaining  walls  for  West  Alameda  Avenue  Subway,  taken  froa 
the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators,"  second  edition. 

Design  of  Retaining  Walls  for  West  Alameda  Avenue  Subway,  Denver,  Colondo.— The 
height  of  the  walls  varied  from  8  ft.  to  29  ft.  3  in.,  while  the  foundation  soil  varied  from  a  compMt 
gravel  to  a  mushy  clay.  The  design  of  the  maximum  section,  which  rests  on  a  compact  gravel, 
will  be  given.  The  concrete  was  mixed  in  the  proportion  of  i  part  Portland  cement,  3  parts  saad 
and  5  parts  screened  gravel.  Crocker  and  Ketchum,  Denver,  Colo.,  were  the  consulting  engineeni 
The  wall  is  shown  in  Fig.  9  and  in  Fig.  10. 

The  following  assumptions  were  made:  Weight  of  concrete,  150  lb.  per  cu.  ft.;  weight  of 
filling,  w  =  100  lb.  per  cu.  ft.;  angle  of  repose  of  filling,  ij  :  i  (^  »  33®  40');  surcharge,  600 E 
per  sq.  ft.,  equivalent  to  6  ft.  of  filling;  maximum  load  on  foundation,  6,000  lb.  per  sq.  ft 

Solution. — ^After  several  trials  the  following  dimensions  were  taken:  Width  of  coping  2  ft 
6  in.,  thickness  of  coping  i  ft.  6  in.,  batter  of  face  of  wall  i  in.  in  12  in.,  batter  of  back  of  idl 
3  J  in.  in  12  in.,  width  of  base  15  ft.  2|  in.  (ratio  of  base  to  height  =  0.52),  front  projection  of 
base  4  ft.,  other  dimensions  as  shown  in  Fig.  9.  The  calculations  were  made  for  a  section  of  the 
wall  one  foot  in  length. 

The  property  back  of  the  wall  will  probably  be  used  for  the  storage  of  coal,  etc.,  and  it 
assumed  that  the  surcharge  came  even  with  the  back  edge  of  the  footing  of  the  wall.  The  resultait 
pressure  of  the  filling  on  the  plane  A-2  was  calculated  by  the  graphic  method  of  Fig.  5  and  Fig.^ 
and  was  found  to  be  P'  =*  17,290  lb.  The  weight  of  the  filling  in  the  wedge  back  of  the  wailii 
W  =  16,435  lb.,  acting  through  the  center  of  gravity  of  the  filling.  The  resultant  of  F  td 
W  is  P  =  23,850  lb.  =  the  resultant  pressure  of  the  filling  on  the  back  of  the  wall.  The  weight 
of  the  masonry  is  W^  ==  33,144  lb.,  acting  through  the  center  of  gravity  of  the  wall,  and  tlle^^ 
sultant  of  P  and  W  v&  E  ^  52,510  lb.  =  the  resultant  pressure  of  the  wall  and  the  filling  upoi 
the  foundation.  The  vertical  component  of  £  is  F  =  49,580  lb.,  and  cuts  the  foundation,  6  «  2.I 
ft.  from  the  middle. 

1.  Stability  Against  Overturning. — ^The  line  OD  in  this  case  is  nearly  parallel  to  the  lineC'^ 
which  brings  the  point  5  in  Fig.  9  at  a  great  distance  from  the  point  W,  The  factor  of  safety 
against  overturning  was  calculated  on  the  original  drawing  and  found  to  be  /o  >  25. 

2.  Stability  Against  Sliding. — ^The  coefficient  of  friction  of  the  masonry  on  the  footing  w8 
be  assumed  to  be  tan  4/  =  0.57  and  0'  =  30**.     Through  0,  Fig.  9,  draw  OQ,  cutting  the  baaeof    ^ 
wall  5.4  at  6,  and  making  an  angle  4>'  =  30**  with  a  vertical  line  through  6.     Then  the  factor  of 
safety  against  sliding  will  be 

/.  =  QM'IRM  -  2.5 

This  is  ample  as  the  resistance  of  the  filling  in  front  of  the  toe  will  increase  the  resistaoK 
against  sliding. 

3.  Stability  Against  Crushing. — In  Fig.  9  the  direct  pressure  will  be  ^i  «  49,580/15^1 
=  3,220  lb.  per  sq.  ft. 

The  pressure  due  to  bending  will  be 
^  =  =fc  6F'b/d^  =  =*»  (6  X  49,580  X  2.0/231.4  =  =*=  2,700  lb.  per  sq.  ft.,  and  the  maxima* 
pressure  is 

p  =  3,220  -f  2,700  =  -f  5,920  lb.  per  sq.  ft. 
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e  mimmuxn  pressure  is 

P  =  3f220  —  2,700  -  +  520  lb.  per  sq.  ft. 

lowable  pressure  was  6,000  lb.  per  sq.  ft.,  so  that  the  pressure  is  safe  for  a  compact  gravel, 
the  walls  were  supported  on  the  mushy  clay  it  was  necessary  to  extend  the  projection  of 
iting  on  the  front  side  and  to  bring  the  resultant  F  to  the  center  of  the  wall. 


f'-t^O 


Fig.  9.    Retaining  Wall,  West  Alameda  Avenue  Subway. 

Upward  Pressure  on  Front  Prcjecium  of  Foundation, — ^Where  projections  are  used  on  the 
tions  of  retaining  walls  it  may  be  necessary  to  reinforce  the  base  to  prevent  the  projection 
ig  off  in  line  with  the  face  of  the  wall.  The  bending  moment  of  the  upward  pressure  about 
at  face  of  the  wall  from  Fig.  9  is 

M  =  i(5.920  +  4,120)  X  4  X  2.1  X  12 
=  506,000  in-lb. 

Dflion  on  the  concrete  at  the  bottom  of  the  footing  will  be 

/  =  M'c/I  =  M'd/2l  =  (506.000  X  27)/i57,464 
B  88  lb.  per  sq.  in. 

ice  the  ultimate  strength  of  the  concrete  in  tension  is  appraztmately  200  lb.  per  8C\.  Itu^ 
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no  reinforcing  is  required.     However,  ]  in.  D  bars  were  placed  i8  in.  centers  and  3  in.  fron 
bottom  of  the  foundation. 

Data. — The  coefficients  of  friction  of  various  materials  are  given  in  Table  I.  The  angi 
repose  of  different  materials  are  given  in  Table  II.  The  conditions  of  surface  and  amoui 
moisture  cause  wide  variations  in  the  coefficients.  Additional  data  for  the  design  of  retai 
walls  are  given  in  Tables  III  to  VI. 

TABLE  I. 

Coefficients  of  Friction. 


Materiala.                          |    CoeffidenU. 

Material*. 

CodBden 

Dry  masonry  on  dry  masonry 

Masonry   on    masonry   with   wet 
mortar 

0.6    to  0.7 

0.7s 

0.4 

0.3    to  0.7 

0.2    to  0.5 

Masonry  on  dry  clay 

0.5    toe 
0.33 
0.25  to  I 
0.7 

Masonry  on  moist  clay 

Earth  on  earth 

Hard  brick  on  hard  brick 

Concrete     blocks     on     concrete 
blocks 

Timber  on  stone 

Iron  on  stone 

Timber  on  timber 

0.6s 

TABLE  II. 
Angles  of  Repose,  0,  for  Materials. 


Materials. 


Material*. 


Earth,  loam 
Sand,  dry. 
Sand,  moist 
Sand,  wet. . 


30°  to  45® 
25®  to  35® 
30°  to  45« 
I5*»  to  30*» 


Clay... 
Gravel . 
Cinders 
Coke . . , 


25**  to  4; 
30*1041 
2S°t0  4l 

30*  to  4; 


TABLE  III. 
Allowable  Pressure  on  Foundations. 


Material. 

Soft  clay 

Ordinary  clay  and  dry  sand  mixed  with  clay 

Dry  sand  and  clay 

Hard  clay  and  firm,  coarse  sand    

Firm,  coarse  sand  and  gravel 

Bed  rock 


Pressure  in  Tons  per  Sq.  Ft 


1  to  2 

2  to  3 

3  to  4 

4  to  6 
6  to  8 

15  and  up. 


TABLE  IV. 
Allowable  Pressure  on  Masonry. 


Materials. 

Pressure  in  Tons  per  Sq.  Ft 

Common  brick,  Portland  cement  mortar 

12 

Paving  brick,  Portland  cement  mortar 

IS 
12 

Rubble  masonry,  Portland  cement  mortar 

Sandstone,  first  class  masonry 

Limestone,  first  class  masonry 

20 

25 
30 

25 
20 

Granite,  first  class  masonry 

Portland  cement  concrete,  1-2-4 

Portland  cement  concrete,  1-3-6 

EXAMPLES  OF   RETAINING  WALLS. 


TABLE  \\ 
Weight,  Specific  Gravity  and  Crushing  Strength  of  Masonhy, 


Materials. 


Weight  io  Pounds  ! 
per  Cubic  Foot.    | 


Specific  Gravity. 


Crushing  Strength  In 
Pounda  per  Square  inch. 


MtOtuC , .;.,. 

stone t . .  ^» . « • « * . 

lite.  .,. , . .... 

ng:  brick,  Portlatid  cement .  .  , 
_  r  concrete,  Portland  cement, 
nde/  concrete,  Portland  cement 


150 
160 
1 80 
16s 
165 
150 
140  to  150 
J12 


2-4 
2.6 
2.9 
27 
2.7 
24 

1.2  to  2.4 

1.8 


4,000 
6jOOO 
19,000 
8»ooo 
8»ooo 
2,000 
2,500 
1. 000 


to  15.000 
to  20,000 
to  33,000 
to  20,000 
to  20,000 
to  6,000 
to  4,000 
to    2,500 


TABLE  VL 
Weight  of  Different  Materials. 


^Hd, 


Matexiali. 


looic.  .  , 
rammed 
dr> 


Wt.  per  Cu.  Ft.,  Lb. 


75  to    90 
90  to  100 

90  to  1 10 


Matedala. 


Sand,  wet. ....,, 
Gravel  ...♦.,.., 
Soft  flowLng^  mtid . 


Wt.  per  Cu.  Ft.,  Lb. 


110  to  120 
120  10  135 

105  to  I30 


For  speciBcations  for  concrete,  plain  and  reinforced,  see  Chapter  \' I. 

EXAMPLES    OF    RETAINING    WALLS.-— Details  of  six  masonr>'  retaining  walls  with  a 
wity  section  arc  (fiven  in  Fig.  io.     Theise  retaining  walls  represent  the  best  practice^     Details 
cinfonrcd  concnete  retaining  walls  are  given  In  Fig.  tt.     For  additional  exaniplcs  see 
r'ft  "The  Design  of  Walls,  Bins  and  Grain  Elevators.*' 

^^s  of  standard  concrete  retaining  walls,  as  designed  by  the  Illinois  Central  RaiJ- 
fin  Fig.  12. 
te  Retaining  Walls.     Methods  of  Constructing  Forms. — Forms  for  a  retaining  wall  I 
in  sections,  or  may  Ix^  built  up  each  time  they  are  used.     The  former  method  la ' 
bicb  the  cheafxjr,  especially  for  plain  concrete  walls  where  the  sections  between  expansion  joints  ^ 
f  cqu^l  length.     The  forms  used  on  the  C.  B.  &  Q.  R.  R.  walls  shown  in  Fig.  13  are  shown 
(J  14.     The  studs,  coping  and  bottom  forms  for  the  face,  and  the  back  forming  are  sectional, 
ary  sheeting  is  used  between  the  coping  and  bottom  forms.     No  attempt  was  made 
ional  forms  on  the  face  of  the  wall,  because  the  sections  soon  become  Ixidly  warped, 
ra  rough  wall.     The  concrete  had  a  tendency  to  lift  the  forma  and  they  were  tied  to  bars 
ded  m  the  footings  as  shown.     The  sectional  forms  were  12  ft.  o  in.  long,  while  the  studs 
fipaced  3  ft.  o  in.  center  to  center.  | 

he  fonns  for  the  Illinois  Central  R.  R.  retaining  wall  shown  in  Fig.  10  are  shown  in  Fig.  15. 
wcfc  built  in  sections  54  ft.  long.     The  forms  were  cross-braced  by  J  in,  rods  spaced 
>  center  to  center  as  shown.     When  the  forms  were  taken  down  the  ends  of  these  rods 
the  main  portion  of  the  rod  being  left  in  the  wall.     The  forms  were  made  of 
I  on  the  inside, 

1  by  the  Chicago  and  Northwestern  Ry.  on  track  elevation  in  Chicago  are 
I  f n  Fig.  J  6.  The  forms  were  built  in  sections  35  ft.  long.  The  2  in.  X  8  in,  braces  were 
» hold  the  sides  of  the  forms  apart  and  were  removed  as  the  concrete  was  put  in  place.  The 
t  «L  pipe  used  lo  cover  the  rod  bracing  was  old  boiler  flues  and  rejected  pipe. 
i  lop^dients  In  Concrete. — The  proportions  of  concrete  materials  should  be  stated  tn  terms 
f  the  volume  of  the  c\'ment.  The  volume  of  one  barrel  or  four  bags  of  cement  is  taken  as  3.8 
^-  ft.,  and  the  land  and  aggregate  are  measured  loose.  Concrete  mixed  one  part  cement.  2  part^ 
y^  and  4  pans  mone  is  commonly  called  1:2:4  concrete.     The  prop<jrtions  should  be  such 
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Fig.  10.    Examples  of  Masonry  Retaining  Walls, 
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that  there  should  be  more  than  enough  cement  paste  to  fill  the  voids  in  the  sand,  and  more  thti 
enough  mortar  to  fill  the  voids  in  the  stone.  With  voids  in  sand  and  stone  varying  from  40  to^ 
per  cent,  the  quantities  of  the  ingredients  are  closely  given  by  Fuller's  rule,  where 

c  «  number  of  parts  of  cement; 

5  =  number  o(  parts  of  sand; 

g  =  number  of  parts  of  gravel  or  stone. 

Then  — ; ; —  =  A  =  number  of  barrels  of  Portland  cement  required  for  one  cu.  yd.  concrete. 

^^  =  number  of  cu.  yd.  sand  required  for  one  cu.  yd.  concrete. 

2 i ^^—  =  number  of  cu.  yd.  gravel  or  stone  required  for  one  cu.  yd.  concrete. 
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Fig.  12.    Contents  of  Concrete  Retaining  Walls,  Illinois  Central  Railroad. 

The  materials  for  one  cu.  yd.  of  i  12:4  concrete  will  then  be:  Portland  cement  1.57  barrek. 
sand  0.44  cu.  yd.,  gravel  or  stone  0.88  cu.  yd. 

The  proportions  for  plain  walls  commonly  vary  from  i  :  2i  :  5  to  i  :  3  :  6,  while  the  pfo- 
portions  for  reinforced  walls  var>'  from  i  :  2  :  4  to  i  :  2^  :  5. 

Mixing  and  Placing  Concrete. — For  mixing  concrete  a  batch  mixer  in  which  the  material 
can  be  definitely  proportioned  and  thoroughly  mixed  is  to  be  preferred.  In  cold  weather  tb 
concrete  materials  should  be  heated  by  the  addition  of  boiling  water  to  the  mixer.  To  prevent 
scalding  the  cement  the  sand,  aggregate  and  hot  water  should  first  be  placed  in  the  mixer  and 
after  giving  it  several  turns  to  remove  the  frost,  the  cement  should  be  added  and  the  mixui 
completed. 

The  author  uses  the  following  specifications  for  placing  concrete  in  cold  or  freezing  weather. 
"When  the  temperature  of  the  air  during  the  time  of  mixing  and  placing  is  below  40®  Fah.tbf 
water  used  in  mixing  the  concrete  shall  be  heated  to  such  a  temperature,  that  the  temperataff 
of  the  concrete  when  deposited  in  the  forms  shall  not  be  less  than  60®  Fah.  Care  shall  be  used 
not  to  scald  the  cement." 

Where  the  wall  is  in  a  cut  and  the  materials  can  be  delivered  on  the  bank,  the  mixer  mayb' 
installed  on  the  bank  above  and  the  concrete  wheeled  or  chuted  to  place.  Concrete  should  n< 
be  chuted  in  freezing  weather.     In  building  the  West  Alameda  Avenue  Subway  retaining  ^^ 
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Colo.f  the  gravel  and  sand  were  taken  from  the  cut,  the  concrete  was  mixed  in  mixers 
I  at  the  foot  of  movable  towers,  and  the  concrtfte  was  raised  in  a  skip  elevator  and  chuted 
place, 
^railroad  work  the  mixer  may  be  mounted  on  a  flat  car*  the  materials  may  be  delivered  on 
s,  and  the  concrete  is  dumped  or  chutcd  directly  into  place. 


^jh%^ 


11    ^ 

13.    Retaining  Wall,  C.  B. 
&  Q.  R.  R. 


^/>- 


-If  -0 


Fig.  14.    Forms  for   Retaining  Wall,  C. 
B.  &  Q.  R.  R, 


ICIFICATIONS    FOR    CONCRETE    RETAINING    WALLS.— The  following  extracts 
1  taken  from  the  sfiecifications  prepared  by  Crocker  and  Ketchum,  Consulting  Engineers, 
te  retaining  walls  for  the  West  Alameda  Avenue  Subway,  Denver,  Colo. 


MATERIALS*  Cement — The  cement  shall  be  furnished  by  the  Companies  on  board 
*.toru  houses  at  the  site  of  the  work  as  required.  The  cement  shall  be  Portland,  and 
the  requirements  of  the  Standard  Specifications  of  the  American  Society  for  Testing 

Concrete  Aggregate. — The  fine  aggregate  shall  pass  a  screen  with  {  in.  me^h,  while  the 

lfreg3li'  >iihall  all  be  retained  on  a  screen  with  \  in.  mesh  and  all  shaJl  pass  a  screen  with 

The  sand  and  gravel  shall  be  obtained  from  the  excav^atlon  of  the  open  cut  of  the 

The  Consulting  Engineers  reserve  the  right  to  change  the  proportions  of  sand  and 

\nd  %  35)  from  time  to  time,  as  may  be  necessary  to  secure  a  dense  concrete 

Payment  to  the  Contractor  for  the  screening  will  be  made  on  the  basis 

;.:  yard  of  gravel  measured  after  screening. 

^Thc  water  used  in  mixing  concrete  shall  be  clean  aod  reasonably  clear,  free 

Ijurious  oils,  alkalies  or  vegetable  matter. 

— Lumlwr  for  forms  shall  hav*e  a  nominal  thicknetis  of  3"  before  surfadng^  and 

d  quality  of  Douglas  fir  or  Southern  long  leaf  yellow  pine.     Lumber  u^  for 

;  shall  be  dressed  on  one  side  and  both  edges  to  a  uniform  thickness  and  width, 

iig  and  other  rough  work  may  be  unsurfaced  and  of  an  inferior  grade  of  the 

:  -.,1 

10.  iteir  SteeL — All  reinforcing  steel  shall  be  plain  bars,  and  shall  comply  with  the 

UL  tural  steel  as  given  in  the  Standard  Specifications  of  the  American  Railway 

tion, 

iTION. — The  subway  is  being  excavated  by  the  Companies  but  the  contractor 

ry  cxcav^ations  for  wall  and  pedestal  footings,  and  shall  furnish  all  necessary 

irts  and  bracing  to  hold  the  forms  in  place  during  the  construction  of  the  worlu 
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The  cost  of  the  necessary  sheeting  and  support»  shall  he  included  in  the  unit  price  for  eas 
The  Contractor  shall  provide  all  pumps  and  other  equipment  incidental  to  such  excavatl 

22.  All  excavation  shall  be  measured  in  vertical  prisms  whose  end  areas  an:  of 
size  to  include  the  footing  courses,  and  the  sheeting  surrounding  the  same.     "Wet  excavat 
shall  include  all  excavation  below  the  surface  of  standing  water  in  open  pits,  ^m 

23.  CONCRETE,  Machine  Mixing. —Machine  mixers,  preferably*  of  the  batch  ty^H 
be  used  except  where  the  volume  of  concrete  to  be  mixed  is  not  sufficient  to  warrant  tHi 
The  requirements  are  that  the  product  delivered  shall  be  of  the  specified  proportions  and" 
siKtency,  and  thoroughly  mixed. 


Fig.  15.    Forms  for  Illinois  Central 
R*  R»  Retaining  Wall. 


.    Washer^. 


16.    Forms  for  C.   &   N.  W.j 
Retailing  Wall. 


24.  Mijdng  by  Hand. — When  it  is  necessary  to  mix  by  hand  the  mixing  shall  be  doiiel 
tight  platforms  of  sufficient  size  to  acconnmodate  men  and  materials  for  the  progren^ 
rapid  mixing  of  at  least  two  batches  of  concrete  at  the  same  time.  Batches  shall  not  exc 
half  yard.  The  mixing  shall  be  done  as  follows:  The  fine  aggregate  shall  he  spread  evenly 
the  platformt  then  the  cement  upon  the  fine  aggregate  and  these  mixed  thoroughly  until  1 
even  color.  Then  adxl  the  coarse  aggregate  which,  if  dry,  shall  first  lx»  thoroughly  wet  i 
The  mass  shall  then  be  turned  with  shovels  until  thoroughly  mixed  and  all  the  aggregate 
with  mortar,  the  necessary^  amount  of  water  being  added  as  the  mixing  proceeds.  K 

25.  Consistency. — The  material  shall  be  mixed  wet  enough  to  produce  a  concrrt^ 
consistency  that  it  will  flow  into  the  forms  and  about  the  metal  reinforcement,  and  whk 
other  hand  can  be  conveyed  from  the  place  of  mixing  to  the  forms  without  the  f^eparatii 
coarse  aggregate  from  the  mortar 

26.  Retempering. — Retempcring  mortar  or  concrete,  1.  e.,  remixing  with  water  af^ 
partially  set  mil  not  be  permitted. 
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PlaciiiK  of  Concrete.^ — Concrete  after  the  addition  of  water  to  the  mix,  shall  be  handled 
fram  the  [jIicc  of  mixing  to  the  place  of  ftnal  deposit,  and  under  no  circumstances  shall 
be  use<i  that  ha^  partially  set  befoce  final  placing. 

Thc  concrete  shall  be  deposited  in  such  a*manner  as  will  prevent  the  separation  of  the 
[Its  and  permit  the  must  ihoroug:h  compacting.  It  shall  be  compacted  by  working  with 
light  shovel  or  slicing  tool  kept  moving:  up  and  down  until  all  the  ingredients  have  settled 
eir  proper  place,  and  the  surplus  water  i»  forced  to  the  surface.  All  concrete  must  be  de- 
ed in  horizontal  layers  of  uniform  thickness  throughout.  Temporary  planking  shall  be  placed 
ds  of  partial  layers  so  that  the  concrete  shall  not  run  out  to  a  thin  edge.  In  placing  concrete 
ill  not  be  dropped  through  a  clear  space  of  over  6  ft.  vertical.  For  greater  heights  a  trough 
suitable  device  must  be  used  to  dehver  the  concrete  in  place,  and  in  depositing  each 
s  trough  or  other  device  must  first  be  caref ylly  filled  with  concrete  and  then  as  fast  as 
is  removed  at  the  bottom  it  shall  be  replenished  at  the  top. 

The  work  shall  be  carried  up  in  alternate  sections  of  approximately  $2  ft.  in  length  as 
a  the  plans,  and  each  scH:tion  shall  be  completed  without  intermission.     In  no  case  shall 
a  section  stop  within  i8  in.  of  the  top. 
to.  Before  depositing  concrete,  the  forms  shall  be  thoroughly  wetted,  except  in  freezing 
her,  and  the  space  to  be  occupied  by  the  concrete  clearetl  of  debris.. 

jl.  Expansion  Joints. — Expansion  joints  shall  be  provided  (sections  were  approximately 
^ng)  as  shown  on  the  plans.  The  wall  shall  be  constructed  in  alternate  sections,  the  ends 
Hsctions  being  formed  by  v^ertical  end  forms,  the  section  being  completed  as  though  it  were 
jH  of  the  structure.  Before  placing  the  remaining  sections  the  end  forms  shall  be  removed 
St  surface  of  the  concrete  shall  be  painted  with  coal  tar  paint,  composed  of  sutetn  (i6) 
^coal  tar,  four  (4)  parts  Portland  cement  and  three  (3)  parts  kerosene  oil.  The  expansion 
11  be  finished  on  the  exposed  side  by  the  insertion  in  the  forms  of  a  metal  mold  that  will 
ive  }  in.  wide,  1  in.  deep  and  sh^ll  have  a  draft  of  1  in.  The  wall  sections  shall  be 
?ther  by  means  of  bars  as  shown  on  the  plans. 
p.  Forms,— Forms  shall  be  substantial  and  unyielding  and  built  so  that  the  conrrete  shall 
►rm  to  the  design,  dimensions  and  contours,  and  so  constructed  as  to  prevent  the  leakage  of 
IT,  VVIiere  corners  of  the  masonry  and  other  projections  Ibble  to  injury  occur,  suitable 
ings  shall  be  placed  in  the  angles  of  the  forms  to  round  or  bevel  them  off.  Material  once 
in  forms  shall  be  cleaned  before  being  used  again. 

J3,  The  forms  must  not  be  removed  within  36  hours  after  all  the  concrete  in  that  section 
■^r  *  '  in  freezing  weather  they  must  remain  until  the  concrete  has  had  sufficient  time 
^i  ii^hly  set. 

H'n^.^In  proportioning  concrete,  a  barrel  or  4  sacks  of  Portland  cement  shall 

3.8  cu.  ft.,  while  the  sand  and  gravel  shall  be  measured  loose  in  a  measuring 

I  rns  required  for  concrete  are  as  follows: 

wails  of  retaining  watts,  abutments,  and  pedestals,  one  f  i)  part  Portland  cement, 

ind  and  five  (5)  parts  gravel.     For  bridge  seats  and  copings,  one  (i)  part  Portland 

two  ii)  parts  sand  and  four  (4)  parts  gravel. 

The  tops  of  the  bridge  seats,  pfedestals,  and  copings,  shall  be  finished  with  a  smooth 

t  of  one  (t)  part  Portland  cement  and  two  (2)  parts  sand  applied  in  a  layer  1  in. 

t  b*?  put  in  place  with  the  last  course  of  concrete. 

Proofing. — ^Tne  expansion  joints  in  the  retaining  walls  and  abutments  shall  be 

as  follows:    After  the  forms  have  been  removed  and  the  concrete  is  thoroughly 

:k  of  the  wall  for  a  distance  of  18  in.  on  each  side  of  the  expansion  joints  shall  be 

with  hot  refined  coal  tar  pitch.     A  layer  of  burlap  shall  then  be  placed  so  as  to  cover  the 

i  joints,  and  the  burlap  shall  be  mopped  mth  coal  tar  pitch.     In  the  same  manner  two 

I  layers  <if  burlap  shall  be  applieti.  making  a  3-ply  water-proofing. 

Heinforcing  Bars. — Reinforcing  bars,  where  used,  shall  be  placed  5  in.  clear  from  the 
:c  of  the  concrete,  and  shall  be  placed  in  the  position  shown  on  the  plans.     Care 
n  to  insure  the  coating  of  the  metal  with  mortar,  and  a  thorough  compacting  of 
in. I  thi   h,irs.     All  reinforcing  bars  shall  be  clean  and  free  from  all  dirt  or  grease, 

ither. — Concrete  shall  not  be  mixed  or  deposited  at  a  freezing  temperature, 
lions  are  taken  to  avoid  the  use  of  materials  containing  frost  or  covered 
means  are  provided  to  prevent  the  concrete  from  freedng.  Where  the  temperature 
iag  the  time  of  mixing  and  placing  concrete  is  below  40**  Fahr.  the  water  used  in 
*iicretc  shall  be  of  such  a  temperature,  that  the  temperature  of  the  concrete  when 
he  fornis  shall  not  be  lower  than  60*  Fahr.  Special  precautions  shall  be  taken  not 
rrmrznt, 

ciag  ia  Water. — Concrete  shall  not  be  deposited  under  water  except  on  the  approval 

Iting  Engineers.     Where  water  is  encountcrcfl  without  current,  hut  in  such  quantity 

be  lowered  to  the  required  depth  and  maintained  there,  or  where  such  lowerinig 
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would  cause  further  difficulty,  concrete  may  be  deposited  through  troughs  or  other  device  in  die 
manner  designated  above. 

4a  CleaniAg  Up. — Upon  the  completion  of  any  section  of  the  work  the  Contractor  shall 
remove  all  debris  caused  by  his  operations  and  leave  the  work  ready  for  backfilling. 

REFERENCSS. — For  the  design  of  reinforced  concrete  retaining  walls,  examples  of  phii 
and  reinforced  concrete  retaining  walls,  details  of  construction,  and  the  theory  of  reinforced 
concrete,  see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators."  For  a  discussion cf 
the  theory  of  the  pressures  in  granular  materials  and  semi-fluids,  see  Chapter  VIII,  Bins,  and 
Chapter  IX,  Grain  Elevators;  also  see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Ek- 
vators." 


C^An  abutment  is  a  structure  that  supports  one  end  of  a  bridge  span  and  at  the 
support?  the  embankment  that  carries  the  track  or  roadway.  An  abutment  also 
tects  the  embankment  from  the  scour  of  the  stream. 

is  a  structure  that  supports  the  ends  of  two  bridge  spans.  Piers  must  be  designed 
>  interfere  with  the  flow  of  the  stream,  and  care  must  be  used  to  prevent  undermining 
the  scour  «if  the  stream, 

i    OF    ABUTMENTS, — Masonry  abutments  may  be  classified   under  four  heads, 
ttraight  or  "stub'*  abutments;  (b)  wing  abutments;  {c)  U  abutments;  (d)  T  abutments, 
W?  standard  straight  abutment  of  the  N.  Y,  C.  St.  H.  R,  R.  R.,  shown  in  Fig,  l»  is  ai 
sample  of  an  abutment  of  this  type.     The  earth  fill  is  allowed  to  flow  around  the  cndsj 
:ment  aa  shown.     Straight  abutments  should  not  be  used  where  the  water  will  wash 

y. 

itandard  wing  abutment  of  the  N.  Y.  C.  &  H.  R.  R,  R.  is  shown  in  Fig,  i.  The  length 
fs  is  determined  by  the  width  of  the  roadway,  the  allowable  slope  of  the  sides  of  the 
at  and  the  angle  of  the  wings.  The  angle  that  the  wings  make  with  the  face  of  the 
Ckftlinarily  varies  from  30  degrees  to  45  degrees  for  standard  conditions.  For  skew 
I  for  unusual  conditions  the  angle  of  the  wing  is  variable 

standard  U  abutment  of  the  N,  Y,  C.  &  H.  R.  R.  R,  is  shown  in  Fig.  i.  This  is 
nent  with  the  wings  making  an  angle  of  90  degrees  with  the  face  of  the  abutment- 
are  tied  together  by  means  of  old  railroad  rails  as  shown.  The  wing  walls  run  back. 
,  which  flows  down  in  front  of  the  wings.  If  the  slope  is  liable  to  be  washed  ^way  by 
f  the  stream  the  wings  should  be  extended  farther  into  the  bank, 
standard  T  abutment  of  the  South  Bend  and  Michigan  Southern  Railway  for  a  skew 
wn  in  Fig,  t.  The  T  abutment  is  essentially  a  straight  abutment  with  a  stem  running 
be  fill;  the  stem  carries  the  roadway,  supj>*^rts  the  abutment,  and  prevents  water  from 
way  alang  the  back  of  the  abutment.  A  T  abutment  may  be  considered  as  a  U  abut- 
fhe  two  wings  in  one. 

ajTY  OF  BRIDGE  ABUTMENTS  WITHOUT  WINGS,— A  bridge  abutment 
Me  (1)  against  overturning,  (2)  against  sliding,  and  (3)  against  crushing  the  material 
fic  abutment  rests,  or  the  niasonr>^  in  the  abutment.  The  problem  of  the  design  of  a 
mem  is  essentially  the  same  as  the  design  of  a  retaining  wall,  for  which  ace  Chapter  V. 
d  of  design  will  be  shown  by  giving  the  calculations  for  a  straight  concrete  abutment 
lamella  Avenue  Subway,  Denver,  Colo. 
I  of  Concrete  Abutment  for  West  Alameda  Avenue  Subway,  Denver^  Colorado. — The 

t)utment  is  21  ft.  6  in.  from  the  bottom  of  the  footing  to  the  top  of  the  bridge  seat, 

.  to  the  top  of  the  back  wall.     The  following  assumptions  were  made:    Weight  of 
per  cu.  ft,;  weight  of  filling,  w  ^  100  lb.  per  cu.  ft.;  angle  of  repose  of  the  filling. 

^*  42');  surcharge  800  lb,  per  sq.  ft.,  equivalent  to  8  ft.  of  fiUing;  maximum  load 

E.OOO  lb.  per  sq.  ft. 
y — After  several  trials  the  dimensions  given  in  Fig.  2  were  taken.     The  stability  of 
i  Investigated  for  two  conditions:  (a)  with  a  full  live  and  dead  load  on  the  bridge 
and  {t>)  with  no  livlijoad  on  the  bridge  and  no  surcharge  coming  on  the  filling 

[  it  being  asaumcd  that  a  locomotive  is  approaching  the  bridge  from  the  right,  and 
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rABILITV  OF   BRIDGE  ABUTMENTS. 


the  point  2  in  (6),  Fig.  2.     The  weight  of  the  girders  and  the  live  load  was  assumed  as 
ily  distributed  over  a  length  of  the  abutment  equal  to  the  distance  between  track  centers, 
DC  lineal  fuot  of  wall  was  investigated. 

(m).^*The  pressure  of  the  filling  on  the  plane  B-2  was  calculated  as  in  Chapter  V, 
and  is  P*  —  14,700  lb.,  acting  through  the  center  of  gravity  of  the  trapezoid  2-3-4-5,  ' 
eight  of  the  filling  and  surcharge  is  W%  -j-  Wz  =  14,900  lb.,  which  when  combined  with  P' 
the  resultant  pressure  of  the  filling  on  the  wall  —  P  —  20,900  lb.  The  pressure  P  is  then 
Bed  with  I  he  weight  of  the  wall,  W\  =  29,^00  lb.,  and  with  the  dead  load  and  live  load 
the  girder  —  12,820  lb.,  giving  the  resultant  pressure  on  the  foundation,  E  =  59,400  lb*, 
ting,  h  -  t-4  ft.  from  the  center  of  the  wall,  and  F  =  57,500  lb. 

StahilUy  Against  OvfHurning. — ^The  resultant    B  is  nearly  vertical  and  well  within  the 
btddte  third,  so  that  the  wall  is  amply  safe  against  overturning. 


^■^   '  Fill 

>)fc  =  "  Surcharge 

farfh      m  *"*• 


ABDTIiBNT 


2.  Stabdtly  Against  Sliding. — Assuming  that  ^'  =  30°,  then  the  coefficient  of  friction  will 
k*  Un  V  »  0.57.     L'sing  the  definitiun  of  factor  of  safety  given  in  equation  (27)  Chapter  V,  the 
ance  of  the  wall  against  sliding  will  be  57*500  X  0.57  -  32.765  lb.     The  sliding  force  is 
1 14,700  ll».,  an<l  the  factor  of  safety  is  32,765/14,700  ^  2.23,  which  is  ample. 

Pressure  on   Foundation. — The  pressure  on  the  foundation  will  be  p  '^  Ffd  *  6Fbld^ 
^5,740  and  +  ijoo  lb.  per  sq.  ft.,  which  is  safe. 

Vptpurd  Pressure  on  Front  Projection  c^  Foundation.— The  base  will  be  investigated  on 

ine  7*8  to  see  that  the  upward  pressure  will  not  break  off  the  front  projection  of  the  founda- 

Thc  bending  moment  of  the  upward  pressure  about  the  front  face  of  the  wall  in  («)»  Fig.  2» 


p-49m\ 


West  Alameda  Avenue  Subway,  Denver,  Coco, 


248  BRIDGE  ABUTMENTS  AND  PIERS.  Chap.M 

M  =  i(5.740  +  4.690)4  X  2.1  X  la 
=  525.672  in-lb. 
The  tension  on  the  concrete  at  the  bottom  of  the  footing  will  be 

^        I  2/    "       157.464 

=  92  lb.  per  sq.  in. 

The  footing  is  safe,  but  f  in.  D  rods  were  placed  18  in.  centers  and  3  in.  from  the  bottom  of 
the  foundation. 

Case  (b). — ^The  solution  is  the  same  as  for  (a)  except  that  the  live  load  from  the  girder  ■  9,980 
lb.,  and  the  surcharge  load  1-2-5-6  =  Wa  =  6,620  lb.  were  omitted.  The  wall  is  safe  for  owr 
turning.  The  factor  of  safety  against  sliding  is  from  equation  (27)  Chapter  V,  /,  =  41,500 
X  0.57/14,700  =  1.6,  which  is  safe.     The  pressure  on  the  foundation  is  safe. 

The  back  wall  was  placed  after  the  bridge  seats  were  finished.  To  bond  the  back  wall  to 
the  abutment,  J  in.  D  rods  4  ft.  long,  spaced  18  in.  centers,  were  placed  in  two  rows  3  in.  fnn 
the  back  and  front  face,  one-half  of  the  length  of  the  rod  being  imbedded  in  the  main  wall 

PRINCIPLES  OF  DESIGN.— To  prevent  tension  on  the  back  side  of  the  footing  and  to 
make  sure  that  the  maximum  compression  on  the  front  side  of  the  footing  shall  not  be  greater 
than  twice  the  average  pressure,  the  resultant  of  the  thrust  of  the  filling,  the  weight  of  the  maflomy, 
the  weight  of  the  bridge  and  the  live  load  must  strike  within  the  middle  third  of  the  base.  Whoe 
the  abutment  rests  on  rock  or  solid  material  where  settlement  will  not  occur,  it  will  not  be  seriotf 
if  the  resultant  strikes  a  little  outside  of  the  middle  third,  providing  the  allowable  pressure  on  tk 
foundation  is  not  exceeded.  When  the  abutment  is  on  compressible  material  where  settlement 
will  take  place,  the  resultant  of  the  pressures  should  strike  at  or  back  of  the  center  of  the  base,  a> 
that  the  abutment  will  not  tip  forward  in  settling.  It  is  standard  practice  to  use  piles  in  the 
foundation  for  abutments  resting  on  compressible  soil. 

For  the  design  of  wing  walls  see  the  design  of  Retaining  Walls,  Chapter  V. 

In  addition  to  the  requirements  for  stability  abutments  should  satisfy  the  following  additional 
requirements. 

(a)  The  abutment  should  protect  the  bank  from  scour.  (6)  The  abutment  should  prevent 
the  embankment  drainage  from  washing  away  the  bank,  {c)  The  abutment  should  be  easily 
drained. 

Empirical  Design. — A  common  rule  is  to  make  the  minimum  thickness  of  the  main  part  of 
the  abutment  not  less  than  -^  the  height  above  any  section;  and  project  the  footings  on  eadi 
side  as  may  be  required.  Empirical  methods  of  design  often  give  unsatisfactory  results  and  arc 
not  to  be  recommended. 

DESIGN  OF  BRIDGE  PIERS.— Bridge  piers  must  be  designed  (i)  for  the  total  vertical 
load  due  to  the  dead  load  of  the  span  and  the  live  load  on  the  span,  and  the  weight  of  the  pier; 
(2)  for  wind  pressure  on  the  pier  and  the  bridge;  (3)  to  withstand  floating  drift  and  ice;  and  (4) 
to  take  the  longitudinal  thrust  due  to  stopping  a  car  or  train  on  the  bridge,  and  due  to  temperature 
when  the  rollers  do  not  move  freely.  The  wind  pressures  are  calculated  as  specified  in  sped- 
fications  for  bridges,  and  are  assumed  to  act  in  the  vertical  line  of  the  center  of  the  pier;  on  the 
top  chord  of  the  truss;  the  bottom  chord  of  the  truss;  6  or  7  feet  above  the  base  of  the  rail;  and  at 
the  center  of  gravity  of  the  exposed  part  of  the  pier.  The  total  wind  moment  is  then  calculated 
about  the  leeward  edge  of  the  base  of  the  pier,  and  the  maximum  stresses  on  the  foundation  due 
to  direct  load  and  wind  are  calculated  in  the  same  manner  as  the  calculation  of  the  pressures  of 
abutments. 

The  effect  of  the  current  of  the  stream  and  of  floating  ice  and  drift  are  difficult  to  calculate. 
The  pressure  of  a  flowing  stream  on  an  obstruction  is  given  by  the  formula 

P  =  nt'W'a'  — 
H 


al  pressure  on  the  surface;  m  *=  a  constant;  w  *=  weight  of  a  cubic  foot  of 
wetted  surface  normal  to  the  current  in  square  feet;  v  =  velocity  of  current 
and  g  —  acceleration  due  to  gravity  -  32.2  feet.  The  value  of  m  varies  with 
dimensions  of  the  pier.  Wcisbach's  Mechanics  gives  the  following  data: — 
imes  as  long  as  broad,  m  =  1.33*  For  a  pier  five  or  six  times  as  long  as  broad 
r  having  plane  faces  and  an  angle  of  30  degrees  between  the  cutwater  faces, 
[juarc  pier^  nt  =  1.28,  and  for  a  circular  pier,  m  =  0,64, 

pressure  due  to  floating  ice  will  be  the  crushing  strength  of  the  ice,  which 
800  lb.  [>er  sq.  in.  The  principal  danger  from  floating  ice  and  drift  is  that 
stream  will  be  deflected  downward  and  will  gouge  out  the  material  around 
and  cause  failure.  To  prevent  this  it  is  quite  common  to  build  piers  with  a 
irkwater/'  ** cutwater,**  or  nose  that  will  deflect  drift  and  ice,  or  to  put  in  a 
le  upstream  side  of  the  pier.  If  the  water  can  get  under  the  pier  the  buoyancy 
be  considered  in  calculating  the  stability  of  the  pier.     If  there  is  danger  of 

ell  to  deposit  large  stones  and  riprap  around  the  base  of  the  pier, 
and  abutments  are  seldom  battered  more  than  one  inch  to  one  foot  of  vertical 

one-half  inch  to  the  foot,  although  high  piers  arc  sometimes  battered  only 
E»ne  foot. 

PRESSURES  ON  FOUNDATIONS.— The  allowable  pressures  on  founda- 
the  material,  the  drainage,  the  amount  of  lateral  supjxirt  given  by  the  adjacent 
of  the  foundation,  and  other  conditions,  fio  that  it  is  not  possible  to  give  data 
lian  an  aid  to  the  judgment,  If  properly  designed  a  moderate  settlement  of 
ucturc  may  do  no  harm,  while  a  less  settlement  in  another  structure  may  Ix; 

If  1.  O*  Baker  gives  the  values  in  Table  I  in  his  *'  Masonry  Construction," 

TABLE  L 
Safe  Bearing  Power  of  Soils** 


ALLOWABLE 


ON  FOUNDATIONS. 


Kliid  of  Material. 


lick  Uycfs  in  bed. 

ashlar  masomy* 

brick .  . , 

brick 

always  dry 
f  moderately  dry 


sand,  well  cemented, 
well  cemented- ,  ♦  . , 


I  toils,  etc. 


Safe  Bearing  Power  ia  Tona  per  Squatc  Foot. 


MLn. 


200 
25 
15 

5 

4 
2 
I 

8 

4 
2 
0.5 


Max. 


30 
20 
10 

6 


to 

6 


e  is  more  nearly  given  by  the  values  in  Tabic  IL     Foundations  should  never 
m  quicksand. 

TABLE  IL 
Allowable  Bearing  on  ForxPATiONS. 


Kind  of  Material. 


idry  aand  nmred  with  clay. 

:Uy 

,ct>anc  sand 

kfid  gravel ... 


Tout  per  Square  Foot 


8 

20 


onry  Construction/'  John  Wiley  &  Sons, 
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Mr.  £.  L.  Corthcll  gives  the  s.ummary  of  the  pressures  on  deep  foundatioiis  in  Table  III. 

TABLE  III. 
Actual  Pressures  on  Deep  Foundations.* 


Actual  Pressures  which  Showed  No  Settlement. 


Material. 


Number  of 
Examples. 


PreMuie  in  Tons  per  Square  Foot. 


Maximum. 


Minimum. 


Avefsfe. 


Fine  sand 

Coarse  sand  and  gravel. 

Sand  and  clay 

Alluvium  and  silt 

Hard  clay 

Hard  pan 


10 

33 

10 

7 
i6 

5 


5-4 

775 

6.2 

8.0 

12.0 


2.25 

a.4 

as 

1.5 
2.0 
3.0 


4-5 

S.I 

4-9 

2.9 

5.08 

8.7 


Actual  Pressures  which  Showed  Settlement. 


Fine  sand 

Qay 

Alluvium  and  silt . 
Sand  and  clay.  .  .  , 


7-0 

7.6 
7.4 


1.8 

1.6 


s-a 
3.3 


The  data  in  Table  III  shows  that  great  care  must  be  used  in  determining  on  the  aUovabk 
pressure  for  any  particular  foundation,  and  that  safe  values  for  the  bearing  power  of  soils  shooU 
only  be  used  as  an  aid  to  the  judgment  of  the  engineer. 

WATERWAY  FOR  BRIDGES.— The  clear  waterway  for  bridges  should  be  ample;  grrt 
care  should  be  used  to  prevent  floating  logs  and  debris  from  clogging  up  the  opening.  The  iko» 
sary  waterway  depends  upon  the  character  and  size  of  the  runoff  area,  the  slope  and  size  of  the  stresui 
and  upon  other  local  conditions.  The  "Dun  Drainage  Table,'*  Table  IV,  will  be  of  assistance  ii 
assisting  the  judgment  of  the  engineer  in  determining  on  the  proper  waterway  for  any  bridge. 

Many  formulas  have  been  proposed  for  determining  the  waterway  of  culverts  and  bridge! 
The  formula  best  known  to  the  author  is  that  proposed  by  Professor  A.  N.  Talbot.     It  is 

A  =cVlf« 

where  A  =  area  of  the  required  opening  in  sq.  ft.; 

M  —  area  of  drainage  basin  in  acres;  , 

c  =  a  coefficient  varying  with  the  slope  of  the  ground,  slope  of  the  drainage  area,  character 
of  the  soil  and  character  of  vegetation. 

Professor  Talbot  gives  the  following  values  of  c  :  c  =  |  to  i  for  steep  and  rocky  ground; 
c  =  J  for  rolling  agricultural  country,  subject  to  floods  at  times  of  melting  snow,  and  with  the 
length  of  valley  3  to  4  times  its  width;  c  =  J  to  i  for  districts  not  affected  by  accumulated  sno* 
and  where  the  length  of  the  valley  is  several  times  its  width. 

PREPARING  THE  FOUNDATIONS.— The  preparation  of  the  site  of  the  abutment  or 
pier  will  dcp)end  upon  the  conditions  and  character  of  the  material. 

Rock. — Where  the  water  can  be  exclude<l,  the  rock  should  be  cleared  of  all  overlying  material 
and  disintegrated  rock.  The  surface  is  then  leveled  up  either  by  cutting  off  the  projections* 
by  depositing  a  layer  of  concrete. 

Hard  Ground. — The  material  should  be  excavated  well  below  the  frost  and  scour  line.  Vi-T*^ 
the  foundations  cannot  be  carried  low  enough  to  prevent  undermining,  piles  should  be  driven  «t 
about  2j  to  3  ft.  centers  over  the  foundation. 

♦  "  Allowable  Pressu^s  on  Deep  Foundations  "  by  E.  L.  Corthell,  John  Wiley  &  Sons. 
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TABLE  rV. 
The  Dw  Drainage  Table.* 
Atchison,  Topcka  &  Santa  Fe  Railway  System. 


i 


s 


AREAS  OF  WATERWAY, 


I 


14- 


IS 

lo.s 

13  5 

16 
IS 


74 
1% 


91 


SIO 
190 

uo 

140 


s; 


% 


940 

JS7 

a7j 

98$ 

401 
4»7 
410 
443 
45S 
484 
SB9 
S31 
5SA 


6it 

06o 

67« 


3F^ 


1-24  ia» 

I-S4  ** 

f-jo  " 

1-36  " 
1-43 

1-43  " 

l-4«  " 

*-36  " 

2-36  " 

2-36  " 

?-48  " 

a-4«  *' 

a-48  •• 


a  x  I  B 


PEKCK>rTAGR  OF 

Column  a. 


ll 


3» 

3 

!Jt 

*  3 

*  3 
6 
6 
6 
8 
8 
8 
8 
8 

to 

TO 

to 

10 
10 
10 
10 
13 
11 
13 

la 

13 

14 
14 
16 
f6 
16 
16 
18 
18 
18 
ao, 
ao 
20 
aa 
aa 

24 

24 

28 
28 

28 
28 
18 

as 

28 
32 
31 

3» 
32 
32 
3» 
32 
32 
3a 


X  3 

*  J 

X  3  ' 

*  3  ' 
X  4  ' 
X  3  ' 
X  3  ' 
X  3  ' 
X  4 

X  4  J 

Jc  S 

X  S*  * 

X  4i 

X  S 

X  6  • 


SI" 


«  6 

X  61 

X  6 

X  6 

*  S 

X  5 

X  6 
X 
X 


7 
8  " 

6r* 

7  " 

!•: 

7  " 

8  " 

!»:: 

9  " 


1  8! 

%    9 


X  9 
X  7  * 

ic  7r 

X  ft  * 

ic  84' 

X  0  ' 

X  9k  \ 

X   TO 

X  7i' 
X  8  ' 
X  0  • 
X  to  ' 
X  11  * 

Xlt|  * 

X  12    * 

Xt2k* 

'13  * 


n 

Ss 


E« 

11 

P  ^ 

^^ 


105 

I  OS 
los 

105 

tos 
los 
toS 
10s 

IQS 

TOS 
lOS 
I  OS 

10s 

los 
tOS 
los 
JOS 
10s 
los 
los 
lOS 
tos 

105 
los 

105 

10s 

105 

10s 
105 

tos 
105 
los 
los 
tos 


IS 

1^ 


98 

98 

98 

98 

98 

98 

08 

98 

98 

981, 

98' 

9i 

98 

98 

98 

98 

98 

98 

5^8 

97 

97 

97 

97 

97 

97 

97 

97 

97 

«>7 

97 

07 

97 

93 

03 

93 


Tb>  Above  ctaMiilc&tioci  by  vlatco  li  for  coiiveiU«iiC3e  only,  and  merely  denote*  the  venial  characteiistica  of 

ColoBio  a  It  from  ob*ervatl<mt  of  atnama  In  Southwest  Nflnfourl.  Eastern  KAnaas, 

"^rtionft  of  the  Indiaii  Terrltofy,     In  all  thla  region  utee^^  mckv  ^\?r&  ^ 

'>-•■  ,    rcentagje  of  the  rainfall*.     U  {ndicate^  Ureter  wali^Tvr%Y%\\iaA%iitt%vv>x\T^^ 

t  and  icvt-i  tx»rttoti:t  ui  Misnouri,  Coforado,  New  MericQ  trnd  Western  Teaoia. . 


fiAi'fwM}  Engineering  Association,  Vol,  12,  p.  484. 
-^^Hunoff  and  WAterwsiys  {or  Culverts^ 
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Soft  Gxtnuid* — The  materuils  should  be  excavated  to  a  aolicj  stratum  or  piles  spaced  about 

to  3  ii,  centers  should  be  driven  over  the  foundation  to  a  good  refusaL     The  piles  should  be 

pt  off  below  low  water  level  to  carry  a  timber  grillage,  or  concrete  may  be  deposited  around  the 

I  of  the  pil^.     Where  water  cannot  be  excluded  it  will  be  necessary  to  use  one  of  the  following 

is:  open  caisson,  cribi  coffer  dam,  or  pneumatic  caisson. 

I  using  an  open  caisson  the  masonry  Is  built  up  or  the  concrete  is  deposited  in  a  water  light 
Hik  of  heavy  timbers  or  of  reinforced  concretCi  the  caisson  being  sunk  as  the  pier  is  built  up. 
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is  commonly  floated  into  place  and  then  is  sunk  on  piles  which  have  been  sawed  off 
tve  it,  or  on  a  solid  rock  foundation.  The  sides  of  timber  caissons  are  usually  removed 
e  pier  is  completed, 

mbcr  cribs  are  made  of  squared  timbers  placed  tranfrvcrsely  and  longitudinally,  and  bolted 

so  as  to  form  a  solid  structure  with  ojfX'n  pockets.     The  crib  is  sunk  by  loading  the 

with  stone.     No  timber  should  be  left  above  the  low  water  mark  in  open  caissons  or  cribs, 

coffer  dan*  is  usually  made  by  driving  two  rows  of  sheet  piling  around  the  pier,  the  space 

»n  I  he  rowR  of  piling  being  filled  with  clay  puddle.     For  small  depths  a  single  row  of  sheet 

often  sufficient.     Where  the  ilepth  is  too  great  for  one  length  of  sheet  piling,  additional 

^<k*  the  first.     Steel  sheet  piling  is  now  much  used  for  difficult  foundations. 

in  be  driven  through  orvlinary  drift  and  similar  material,  is  not  limited  in 

an*!  illy  water  tight  uhen  used  in  a  single  row.     It  can  be  drawn  and  used  again, 

^le  to  shut  off  all  the  water  with  a  coffer  dam,  and  pumps  should  be  provided. 

tic  caissons  should  only  be  used  under  the  direction  of  experienced  engineers  and 

citfttidctt*!  her€% 

It  of  sinking  piers  see  Jacoby  &  Davis*  "  Foundations  of  Bridges  and  Buildings**, 
'ill  Book  Company. 
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EXAMPLES    OF   RAILWAY   BRIDGE    ABUTMENTS.— Standard  stone  masQiir^^  ab^. 
ments  designed  by  the  Baltimore  &  Ohio  Railway  are  shown  in  Fig.  3.    These  abut  menu 
to  be  used  for  deck  and  through  girder  spans.     The  plans  are  worked  out  in  detail  and  give  d 
for  different  conditions. 

Standard  designs  for  a  straight  abutment  and  for  a  wing  abutment  designed  by  the  N.  V.C, 
&  H.  R.  R.  R.  are  shown  in  Fig.  4.  Data  for  different  conditions  are  given  on  the  plans.  Tk 
quantity  of  masonry  and  of  old  railroad  rails  required  for  the  N.  Y.  C.  &  H.  R.  R.  R.  abutuiroti 
shown  in  Fig.  4  are  given  in  Fig.  5.  The  wings  are  the  length  required  for  a  flare  of  30  degm^  M 
a  side  slope  of  roadway  of  ij  to  i. 
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Quantities  in  Masonry  Abutments,  N.  Y.  C.  &  H.  R.  R.  R. 


The  quantity  of  concrete  in  single  track  railway  bridge  abutments  as  designed  by  the  [IliwA 
Central  R.  R.  are  given  in  Fig.  6.  The  quantities  in  double  track  abutments  may  be  calcuiaw^ 
as  shown  in  Fig.  6. 

Cooper's  Standard  Abutments —The  abutment  in  (a),  Fig.  7,  is  from  Cooper's  "Genefl^ 
Specifications  for  Foundations  and  Substructures  of  Highway  and  Electric  Railway  BridgJ*' 
The  length,  /,  and  the  thickness,  a,  for  highway  and  single  track  electric  railway  bridges  arc  » 
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are  proportional  far  intermediate  spans.     These  abutments  may  be  made  of  either 
nc  m;isonry»  or  first-class  Portland  cement  concrete, 

irack  electric  railway  bridges  add  one  foot  to  the  value  of  a  in  Fig.  7.     The  mini- 
I  af  tlie  wall  at  any  point  is  to  be  0.4  of  the  height.      The  length  of  the  wing  waJla 
nified  by  ltx:al  conditions. 


iw       m      S0&       /m 

Me--  Curye  ^lan  rwn^er  gF  a^  yarisk 
m  am  sm^  trxk  abtdmmt  mth 
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X-CONIFNTS  IN  CUBIC  YARDS 


6.    Quantities  in  Masonry  Abutments,  Illinois  Central  Railhoad, 

ihutment  without  wing  walls  in  (ft),  Fig.  7.  has  the  same  dimensions  as  the  abutment 
waits.  The  width  for  single  track  electric  railways  may  be  taken  as  14  ft.,  double 
.     The  approximate  cubical  quantities  in  abutments  without  wing  walls  arc  giveA  in 

WAY  BRIDGE  PIERS.— Standard  piers  for  railway  bridges  as  designed  by  the 
H.  R,  R.  R-  are  shown  in  Fig.  8.  Dimensions  and  data  for  different  spans  and  heights 
given  on  the  plans.  The  quantities  of  masonry  in  the  standard  plans  shown  in  Fig.  8 
I  Fig.  9*  for  deck  spans  and  for  through  spans. 

itics  of  masonry  in  piers  for  deck  plate  girder  spans  are  given  in  Fig.  10  ajid  for  through 

truss  spans  in  Fig.  1 1 .     These  piers  were  designed  and  the  estimates  were  prepared  by 

department  of  the  Illinois  Centml  Railroad. 

I  Central  Railroad  Pier. — Details  of  a  concrete  pier  designed  and  built  by  the  Htinois 

lilroad  arc  shown  in  Fig,  12.     The  pier  rests  on  timber  piles  spaced  as  shown.     The 

r'*  is  reinforce*!  with  an  8  in.  I  beam. 

r*f  Standard  Masonry  Piers« — ^The  masonry  pier  in  Fig.  13  is  from  Cooper's  *' General 

»ns  for  Substructures  of  Highway  and  Electric  Railway  Bridges."     The  length,  /,  and 
a*  for  highway  and  single  track  electric  railway  bridges  are  given  in  Fig.  13,     These 

be  made  of  either  first-class  stone  masonry,  or  first *class  Portland  cement  concrete. 

nublc  track  electric  railway  bridges  add  one  foot  to  I,  and  6  inches  to  a.     The  width, 

r  to  center  of  trusses,  and  may  ordinarily  l>e  taken  14  ft.  for  stnyfle  track,  and  26  ft. 
track  through  bridges.     Where  drift  and  logs  are  liable  to  injure  the  pier  the  nose 

»»nater  should  be  protected  with  a  steel  angle  or  plate.     The  approximate  cubical  con- 
picTs  arr  (ti>*en  in  Fig,  13. 
TUBITLAR   PIERS. — Steel  tubular  piers  are  made  of  steel  plates  riveted  together 

•rtili  ctmcreic*     Where  the  piers  are  founded  on  soft  material,  piles  are  driven  in  the 
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bottom  of  the  tube,  the  piles  being  sawed  off  below  the  water  line.  The  piles  should  exti 
least  two  diameters  of  the  tube  above  the  bottom.  The  tubes  are  braced  transversely  by  i 
of  struts  and  tension  diagonals  above  high  water  and  by  diaphragm  bracing  below  high  y 
Where  the  piers  will  be  subject  to  blows  from  floating  drift  or  logs  they  should  be  protectee 
timber  cribwork  or  other  device. 

Cooper's  Standards. — ^The  tubular  piers  in  Fig.  14  are  from  Cooper's  "General  Specific 
for  Foundations  and  Substructures  for  Highway  and  Electric  Railway  Bridges."     Cooper  sp 
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Fig.  7.    Masonry  Abutments  for  Electric  Railway  and  Highway  Bridges. 

Cooper's  Standards. 


m 


a  minimum  thickness  of  J  in.  for  plates  below  and  J  in.  above  the  high  water.  The  minimui 
of  tubular  piers  are  as  given  in  Fig.  14. 

A  steel  tubular  pier  with  a  timber  crib  protection  is  given  in  Fig.  14.  The  crib  is  filled 
loose  rock. 

A  steel  oblong  pier,  as  designed  by  Cooper,  is  given  in  Fig.  15.  The  center  of  the  trua 
come  a/2  +  one  ft.  from  the  end  of  the  pier.  The  width  o,  as  specified  by  Cooper,  is  gi% 
Fig.  15. 

American  Bridge  Company  Standards. — The  American  Bridge  Company's  standard  tu 
piers  are  shown  in  Fig.  16.     The  minimum  diameters  for  a  height  of  15  feet  to  carry  a  single 
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i«n  piers,  pier  beams  and  pier  bracing  are  given  in  Fig.  i6.  In  calculating  the  weight  of  a 
pdd  oiie  i*MJt  to  I  he  length  of  each  tube.  The  weight  of  the  concrete  in  two  tubes  is  giv^en 
|Hi6.  The  concrete  is  assumed  to  fill  the  tube,  and  the  space  occupied  by  piles  should  be  dc- 
^K  The  number  of  piles  required  for  different  diameters  of  tulx?s  is  given.  The  number  of 
^Luiied  for  large  tul»cs  agrees  quite  closely  with  Cooper's  Specifications,  but  the  number 
PB)  tubes  is  wry  much  less. 

Pitf  Beams, — The  sizes  of  pier  beams  required  for  different  panel  lengths  and  clear  distance 
i?m  tubes  in  feet  are  given  in  Fig.  i6.     The  pier  beam  should  be  assumed  as  one  foot  longer 

;  clear  distance  between  the  tubes,  in  calculating  the  wuight  of  the  beams. 
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Fig,  8.     MAsof^RY  Piers,  N.  Y.  C.  &  H.  R,  R.  R. 


BfO£ing^ — ^Thc  piet  bracing  for  piers  supporting  the  ends  of  two  spans  are  given  in 
If  the  spaiiJ*  are  unequal  in  length,  enter  the  table  with  one- half  of  the  algebraic  sum 
For  example*  for  a  pier  carrying  a  75  ft.  and  a  125  ft.  span,  enter  the  diagram  with  a 
of  too  ft.      Steel  tubular  piers  should  never  be  used  for  end  abutments  carrying  a  fdK 
tcalcutAting  the  weight  of  the  diagonal  bars  the  length  of  the  bar  should  be  multiplied  by 
|ht  per  foot  as  obtainctJ  from  a  handbook,  and  the  details  for  one  bar  added  to  the  product. 
atlng  the  weight  of  the  struts  add  one  foot  to  the  clear  length. 

>_^p*.— Tubular  piers  may  be  capped  with  steel  plate  caps,  may  be  finished  with  con* 
have  a  stone  pedestal  block.     The  weights  given  in  Fig.  16  do  not  include  the 
e!  caps. 

itioas  for  Steel  Tubal &r  Piers  for  Highway  and  Electric  Railway  Bridges, — ^The 

the  tubes  shall  be  not  less  than  {  in,  thick  for  tut)es  up  to  30  in,  in  diameter,  not  less 

in.  for  tut>es  from  30  to  48  in.  in  diameter^  and  not  less  than  I  in.  for  tubes  from  48  to 

tcT.     Where  the  plates  are  in  contact  with  the  soil  the  thickness  shall  be  increased 

For  iV  in.  plate  and  less  use  I  in.  riv'ets;  for  {  in.  plate  and  over  use  J  in,  rivets. 

ontal  scams  shall  be  single  lap  joints  riveted  with  a  pitch  of  4  diameters  of  rivet» 

tical  seaiVis  shall  preferably  be  butt  riveted  with  single  riveting  spaced  4  diameteni 

Fto  4S  in.  diameter  of  tubes,  and  double  riveting  with  3  in*  spacing  for  Cubes  of  larger 
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Fig.  9.    Quantities  in  Masonry  Piers,  N.  Y.  C.  &  H.  R.  R.  R. 
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Pig,  la    Quaxtities  in  Masonry  Piers  for  Deck  Girders^  Illinois  Central 

Railroad. 
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Quantities  in  Masonrv  Piers  for  Through  Spans»  Illinois  Central 
Railroad. 


t 

^Be  bninnsir  of  pJcrs  shall  Ik?  designe<l  to  take  all  the  wind  forces  Bpecified  to  come  on  the 
^K    r>  '  webs  arc  to  be  usod  up  to  well  above  high  water  for  piers  located  in  the 

^H  or  V  atin^  materials  may  6nd  lodgment.     Oblong  piers  shall  be  braced  against 

^Kod  outside  pressure.     Piers  exposed  to  injury  from  floatmg  logs  and  drift  shall  be  pro* 

^We  tubei*  iihmild  be  painted  inside  and  out  with  two  coats  of  red  lead  and  linseed  oil,  or 
^  pimmbecl  paint. 
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The  materials  and  workmanship  shall  comply  with  the  specifications  for  the  highway  bridie 
superstructure. 

Erection. — Where  the  bottom  will  permit,  the  tubes  shall  be  sunk  well  below  pcrasiblc  ^m 
by  loading  the  tube  and  excavating  the  material  from  the  inside.  For  this  purpose  a  clam^ei 
bucket  is  very  effective.  Driving  the  tube  with  a  pile  driver  will  cut  off  the  rivets  m  the  horiiootal 
seams  and  will  not  be  permitted.  After  the  tube  is  sunk,  pile^  are  to  be  driven  inside  of  ifie 
steel  shell,  as  closely  together  as  possible^  using  care  to  get  no  pile  nearer  than  4  to  6  in.  to  tlie 
steel  shell.  The  piles  shall  be  driven  to  a  good  refusal,  and  the  tops  sawed  oft  below  the  lot 
water  mark  and  reaching  at  least  2  diameters  of  the  tube  above  the  bottom.  The  space  Inmde  tk 
tubes  shall  then  be  filled  with  concrete  well  tamped.  Concrete  should  not  be  deposited  in  ruamisi 
water  if  possible  to  prevent  it. 


8'mis- 


j^_ — __^ — '^ — __ 


Pjl£  Plan 


jf'^-^^ 


"^pj  Stcnm 

.  I^j   MASomr  pm 


PLAN 


*^  \Pil 


\Pik3,  $0' 


Fig.  12.    Details  of  Illinois  Central  Railroad  Pieil 


Where  piers  are  founded  on  rock,  the  tubes  are  to  be  anchored  to  the  rock  and  then  filld 
with  concrete.  Or  cribs  may  be  sunk  on  the  r^x^k  and  the  tube  set  in  a  pocket  m  the  crib  aad 
resting  on  the  rock.  The  space  outside  the  tube  is  then  filled  with  concrete  and  the  tube  m  fill«l 
with  concrete  in  the  usual  manner. 

Cylinder  Piers  for  Highway  Bridge,  Trail,  B.  C,*— Steel  cylinder  piers  were  used  for  a  steel 
highway  bridge  designed  by  Waddcll  and  Harrington,  Consulting  Engineers,  and  built  across 
the  Columbia  River  at  Trail.  B.  C.  The  main  spans  are  172  ft.  8  in.  long  and  are  carried  oa 
piers  made  of  two  steel  cylinders  filicd  with  concrete-  The  steel  cylinders  are  9  ft.  in  diametia^ 
at  the  bottom  and  6  ft.  in  diameter  at  th^  top,  and  are  86  ft.  long.    The  cylinders  axe  made  d 

♦Engineering  News,  Dec.  5,  191 2. 
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DfMiHStOHS  FOR  MASOffffY 
PiER  i^OM  Hf6NWAY  AND 

SiHSLE  Track  Electric 

RAJimy  BRt06£S 
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Apf^RoxrMATE  Contents  /n  Cubic  Y^rds  of  One  Masonry  PtER 
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Masonky  Piers  for  Electric  Railway 
Cooper's  Standards. 


ANO  Highway  Bridges. 


j^ 
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plates  i  in.  thick  and  are  connected  by  a  double  plate  web  diaphragm,  each  diaphragm  m 
of  A  in.  plates  spaced  24  in.  apart  and  25  ft.  high,  and  reaching  from  below  low  water  to  al 
high  water.  The  diaphragms  were  covered  and  filled  with  concrete.  The  cylinders  are  qi 
21  ft.  centers.     The  piers  were  sunk  by  the  pncupiatic  process. 


/f/^/f  Wafers 


''tX'^. 


Lo\^ Watery^  ^ 

"  r- >f- rr-i 


■A-wfeljH 


mw 


(d)  Stebl  Tubular  Piers 


(b)  Crjb  Constructjoh  fo 
Steel  Tubular  Piers 


M/Nif4uM  Sizes  of  Steel  Tubular  Piers j  Cooper's  Standards 


Span 
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Fig.  14.    Steel  Tubular  Piers  for  Klectric  Railway  and  Highway  Bridoes. 

Cooper's  Standards. 

STEEL  CYLINDER  PIERS  FOR  RAILWAY  BRIDGES.— Steel  cylinder  piers  haw  b 
used  for  the  foundations  of  several  important  bridges,  Table  V,  by  the  Chicago  and  Northwest 
Railway.  Mr.  W.  H  Finley,  Asst.  Chief  Engineer,  gives  the  following  advantages  of  steel  c>'lin 
piers  over  masonry  piers.* 

(i)  ''Where  it  is  desired  to  provide  for  future  second  track,  c>'linder  foundations  will  c 
very  little  more  for  double  track  than  for  single  track. 


♦  Engineering  News,  Oct.  24,  191 2. 
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|l)  **Cyliiuier  piers  can  be  constructed  under  traffic  with  less  trouble  than  any  other  t>^p€, 
3I  ''Cylinder  piers  permit  of  rapid  sinking  by  open  dredging  where  the  material  is  favorable 
ild  sunken  logs  are  not  liable  to  be  encountered*  Air  pressure  can  be  applied  readily  and  cheaply 
lll^ecomca  neressar>'/* 

^^BctJiils  uf  the  cylinder  piers  for  the  Oxford  Mill  Pond  bridge  are  shown  in  Fig.  17,  and  details 
fwc  stLH'l  shells  for  the  base  of  the  piers  are  shown  in  Fig*  18,  The  bridge  is  481  feet  long  and 
iosAsu  of  30  ft.  and  60  ft,  spans  resting  on  piers  made  of  two  steel  cylinders  and  a  stcct  shell  for 
w  base.  6ncd  with  concrete.  1 

-/  5tiffener 
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MmmuM  Sues  of  Steel  Oaiom  Piers 
Cooper's  Standards 


JU  11    II   u   u 


0510N6  Steel  Piers 


"^  brace 'L 
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Width  3 

Htghturay  3nd 
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Steel  Oblong  Piers  foe  Electric  Railway  and  Highway  Beidges. 
CooPER*9  Standards. 

TABLE  V, 
Data  ost  Several  Steel  Cylinder  Piers  used  bv  the  Chicago  and  Northwestern 

Railway, 
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Fig.  1 6.    Steel  Tubular  Piers  for  Highway  Bridges, 
American  Bridge  Company. 
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MASONRY  AND  CONCRETE  DEFINITIONS  AND  SPECIFICATIONS . 
Classification  of  Masonry.* 


Kind. 


Bridge  and  Retaining 
WaU 


Arch . 


Culvert. 


Material. 


Stone. 


Concrete. . 

Stone 

Concrete.  . 
.  Brick 
^  Stone 


I  I  Concrete . 
Dry '     Stone 


Description* 


Dimension 
Ashlar. . . . 


Rubble 
'  Reinforced 
Plain 
Rubble 

Ashlar 

,  Rubble 

/  Reinforced 
\  Plain 

No.  I 

/  Rubble 

\Drjr 

I  Reinforced 

Plain 
'  Rubble 

Rubble 


Manner  of 
Work. 


Coursed 

Coursed    ] 

Broken-    [ 

coursed  J 

Uncoursed 


Coursed.. . 
Uncoursed 


'  English 
Bond 
Flemish 
,    Bond 

Uncoursed 


Uncoursed 


DrcMing. 


Joints  or  Beds. 


Smooth 

(Smooth 
Fine  pointed 
Rougn  pointed 

/  Rough  pointed 
\  Scabbled 


'  Smooth 
^  Fine  pointed 
^  Rougn  pointed 
^  Scabbled 


'  Rough  pointed 
,  Scabbled 


Face  or  Su 


{Smooth 
Rock-fic 

/Smooth 
\  Rock>fa( 


/Smooth 
\  Rock-fi( 

Rock4i( 


Rock-fi( 


Definitions.* 

Masonry,  Bridge  and  Retaining  Wall. — Masonry  of  stone  or  concrete,  designed  to 
the  end  of  a  bridge  span  or  to  retain  the  abutting  earth,  or  both. 

Masonry,  Arch. — ^That  portion  of  the  ntasonry  in  the  arch  ring  only,  or  between  the  in 
and  the  extrados. 

Masonry,  Culvert. — Flat-top  masonry  structure  of  stone  or  concrete,  designed  to  susts 
fill  above  and  to  permit  the  free  passage  of  water. 

Masonry,  Dry. — Masonry  in  which  stones  arc  built  up  without  the  use  of  mortar. 

Concrete. 

Concrete. — A  compact  mass  of  broken  stone,  gravel  or  other  suitable  material  as« 
together  with  cement  mortar  and  allowed  to  harden. 

Reinforced  Concrete. — Concrete  which  has  In^en  reinforced  by  means  of  metal  in  some 
so  as  to  develop  the  compressive  strenp^th  of  the  concrete. 

Rubble  Concrete. — Concrete  in  which  rubble  stone  are  imbedded. 

Brick. 
Brick. — No.  I. — Hard  burned  brick,  absori^tion  not  exceeding  2  per  cent  by  weight. 

Cement. 

Cement. — A  material  of  one  of  the  three  classes,  Portland,  Natural  and  Puzzolan,  poa 
the  property  of  hardening  into  a  solid  mass  when  mixed  with  water. 

*  Adopted  by  Am.  Ry.  Eng.  Assoc.,  Vol.   7,  1906,  pp.  596-601,  619;  Vol.  12,  1911. 

266 


MASONRY  DEFINITIONS. 


267 


i  Cement — This  term  shall  be  applied  to  the  finely  pulverized  product  reeulting 

tt  in.it  Inn  to  incipient  fusion  of  an  intimate  mixture  of  properly  proportioned  argil- 

is  materials^and  to  which  no  addition  greater  than  3  per  cent  has  been  made 

tation. 

Cement, — This  term  shall  be  applied  to  the  finely  pulvcriicd  product  resulting  from 

on  of  an  argillaceous  limestone  at  a  temperature  only  sufficient  to  drive  off  the  carbonic 

n  Cement,  as  Made  in  North  America. — An  intimate  mixture  obtained  by  finely 

Ehcr  granulated  basic  blast  furnace  slag  and  slacked  Ume* 
aid  with  continuous  bed  joints. 
■Bed. — Laid  with  parallel,  but  not  continuouSi  bed  joints. 
>ed,— Laid  without  regard  to  courses. 

Bond* — That  flisp<»sition  of  bricks  in  a  structure  in  which  each  course  is  composed 
L*4t!tTi  or  of  stretchers. 

1  Bond. — That  ditjposkion  of  bricks  in  a  structure  in  which  the  headers  and  stretchers 
each  cuurst\  the  heafler  being  so  placed  that  the  outer  end  lies  on  the  middle  of  a 
r  course  below.  • 


Courses  and  Bond. 


I 


Dressing. 


g. — The  finish  given  to  the  surface  of  stones  or  to  concrete. 

I — Having  surfajce,  the  variations  of  which  do  not  exceed  one-sixteenth  inch  from  the 

iiiited« — Having  irregular  surface,  the  variations  of  which  do  not  exceed  one-quarter 

e  jiitch  line. 

Pointed.— Having  irregular  surface,  the  variations  of  which  do  not  exceed  one-half 

le  pitch  line, 

idi — ^liaving  irregular  surface,  the  variations  of  which  do  not  exceed  three-quarters 

IP  pitch  line. 

iced. — Presenting  irregular  projecting  face,  without  indications  of  tool  mark. 


^H  DEScRrmvE  Words. 

b1 — A  supporting  wall  carrying  the  end  of  a  bridge  or  span  and  sustaining  the  pressure 

k earth.     The  abutment  of  an  arch  is  commonly  called  a  bench  wall, 
I  external  edge  formed  by  two  surfaces,  whether  plain  or  cun,X'd»  meeting  each 
squared  or  cut  block  of  stone  with  rectangular  dimensions. 
f, — That  o*Drtion  of  a  masonry  wall  or  structure  built  in  the  rear  of  the  face.     It  must 
fn  f  lit-  Mrc  and  bonded  with  it.     It  is  usually  of  a  cheaper  grade  of  work  than  the  face. 
fM?  or  inclination  of  the  face  or  back  of  a  wall  from  a  vertical  line, 
md  bottom  of  a  stone.     (See  Course  Bed;  Natural  Bed;  Foundation  Bed.) 
iQt. — A  horizontal  joint,  or  one  perpendicular  to  the  line  of  pressure. 
WmXL — The  abutment  from  which  an  arch  springs. 

-The  mechanical  disposition  of  stone,  brick  or  other  building  blocks  by  overlapping 
nts. 
^       -      '      int. 

rary  support  used  in  arch  construction,     (Also  called  centers.) 
,  ....Aont  for  lifting  stone  so  designed  that  its  grip  on  tht  surface  of  the  stone 
jd  is  applied-     That  portion  engaging  the  stom*  is  of  wood  attached  to  a  steel 
I  hinged  to  the  shank  of  the  clamp  in  such  a  manner  as  to  adjust  itself  to  the 
'  lifted. 

.)  course  of  stone  or  concrete,  generally  slightly  projecting,  to  shelter  the  masonry 
or  to  distribute  the  pressure  from  exterior  Iriading, 
„ch  separate  layer  in  stone,  concrete  or  brick  masonry. 
L — ^Stone,  brick  or  other  building  material  in  position,  upon  which  other  material 

triF  thr-  on(\s  turned  at  right  angles  to  the  body  of  the  bar  whlf 
1  stones. 

f«ir  water  under  a  roadway  or  embankment, 
[stone, —  (t)  A  blink  of  stone  cut  to  i^pecified  dimensions. 

ae. — (2)  Large  blcK:ks  of  stone  quarried  to  be  cut  to  specified  dimensions. 
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Dowels. — (a)  Straight  bars  of  iron  which  enter  a  hole  in  the  upper  side  of  one  stone  aadlfl 

a  hole  in  the  lower  side  of  the  stone  next  above.  ^M 

Dowel. — (b)  A  two-piece  steel  instrument  used  in  lifting  stone*     The  dowel  engaigiei  fl 

stone  by  means  of  two  holes  drilled  into  tlie  stone  at  an  angle  of  about  45  degrees  pointinig  toiM 

each  other.     The  dowel  is  not  keyed  in  place.  ^ 

Draft. — A  line  on  the  surface  of  a  stone  cut  to  the  breadth  of  the  chisel.  I 

Expansion  Joint — A  \^-rtical  joint  or  space  to  allow  for  temperature  changes*  1 

Extrados»— The  upper  or  convex  surface  of  an  arch.  I 

Intrados* — The  inner  or  narrow  concave  surface  of  an  arch*  I 

Face. — The  exposed  surface  in  elevation,  I 

Facing. — In  concrete:  (i)  A  rich  mortar  placed  on  the  exposed  surfaces  to  make  a  snwrtn 

finish. 

(a)  Shovel  facing  by  working  the  mortar  of  concrete  to  the  face.  J 

Final  Set. — A  stage  of  the  process  of  setting  marked  by  certain  hardness.     (See  QmestJ 

Specifications,)  I 

Flush. — (Adj.)     Having  the  surface  even  or  level  with  an  adjacent  surface.  I 

Flush.~(VcrbO     (i)  To  fill.     (2)  To  bring  to  a  level.     (5)  To  force  water  to  the  surCai| 

of  mortar  or  concrete  by  compacting  or  ramming.  I 

Footing. — A  projecting  bottom  course-  I 

Forwi.^A  temporary  structure  for  giving  concrete  a  desired  shape.  ^m 

Foundation. — (i)  That  portion  of  a  structure  usually  below  the  surface  of  the  grt.mnil,  V^| 

distributes  the  pressure  upon  its  support.      (2)  Also  applied  to  the  natural  support  it^ielf;  l^H 

clay,  etc.  ^H 

Foundation  Bed. — The  surface  on  which  a  structure  rests*  ■ 

Grout, ^A  mortar  of  liquid  consistency  which  can  easily  be  poured,  q 

Header. — A  stone  which  has  its  greatest  length  at  right  angles  to  the  face  of  the  wall,  mII 

which  bonds  the  face  stoncij  to  the  backing.  1 

Initial  Set.^An  early  stage  of  the  process  of  setting,  marked  by  certain  hardness.    (%  I 

Cement  Specifications.)  I 

Joint. — The  narrow  space  between  adjacent  stones,  bricks  or  other  building  blocks,  usuaJff  I 

filled  with  mortar.  I 

Lagging. — Strips  used  to  carry  and  distribute  the  weight  of  an  arch  to  the  ribs  or  ccittcfiM 

during  Its  construction,  J 

Lewis, — A  four-piece  steel  instrument  used  in  lifting  stone*     (The  lewis  engages  the  start 

by  means  of  a  triangular-shaped  hole  into  which  it  is  keyed.)  1 

Lock. — Any  special  device  or  mcthixl  of  construction  used  to  secure  a  bond  in  the  work.     I 
Mortar.— A  mixture  of  fine  aggregate,  cement  or  lime  and  water  used  to  bind  together  ite  I 

materials  ol  concrete,  stone  or  brick  in  masonry  or  to  cover  the  surface  of  the  same.  I 

Natural  Bed. — The  surfaces  of  a  stone  parallel  to  its  stratification.  I 

ParapeL^A  wall  or  barrier  on  the  edge  of  an  elevated  structure  for  protection  or  om&JiiQii.| 
Paving. —  Regularly  placed  stone  or  brick  forming  a  floor.  J 

Pier. — ^An  intermediate  support  for  arches  or  other  spans.  I 

Pitch.— (WTb.)     To  square  a  stone,  .  *  I 

Pitched. — Having  the  arris  clearly  defined  by  a  line  beyond  which  the  rock  is  cut  awajhf  I 

the  pitchini?  chisel  so  as  to  make  approximately  true  edges.  I 

Pointing. — Filling  joints  or  defects  in  the  face  of  a  masonr>'  structure,  .     .      I 

Retaining  Wall. — A  wall  for  sustaining  the  pressure  of  earth  or  filling  deposited  behind  it    I 
Voussoirs. — The  individual  stones  forming  an  arch.     They  are  alvrays  of  truncated  wdp  I 

form.  I 

Ring  Stones. — ^The  end  voussoirs  of  an  arch.  1 

Riprap.^Rough  stone  of  various  sizes  placed  compactly  or  irregularly  to  prevent  acoorbfl 

water.  I 

Rubble. — Field  stone  or  rough  stone  as  it  comes  from  the  quarry.     When  it  is  of  a  larpO'I 

massive  ^ize  it  is  termed  blwk  rubble.  1 

Rubbed, — \  fine  finish  made  by  rubbing  with  grit  or  sand  stone.  I 

Set. — (Noun)      The  change  from  a  plastic  to  a  solid  or  hard  state.  I 

Slope  WalL^.\  wall  to  protect  the  slope  of  an  embankment  or  cut.  I 

Soffit. — The  under  side  of  a  projection.  I 

Spall. — (Noun).     .'\  chip  or  small  piece  of  stone  broken  from  a  large  block.  .  I 

Spandrel  Wall. — The  wall  at  the  end  of  an  arch  above  the  springing  line  and  cJCtiadosof  CJ^I 

arch  and  helow  the  coping  or  the  string  course.  I 

Stretcher. — A  stone  which  has  its  greatest  length  parallel  to  the  face  of  the  wafl»  I 

Wing  Wall. — An  extension  of  an  abutment  wall  to  retain  the  adjacc:it  earth.  I 


SPECIFICATIONS  FOR  STONE   MASONRY.* 

Genbral. 

Stftndard  Specifications. — The  classification  of  masonr>'  and  the  rcquirementa  for  cement 

etc  ihill  be  thusc  aduptL-d  by  the  American  Railway  Engineering  Assiiciation. 
Eagineer  Defined. — Where  the  term  **  Engineer"  is  used  m  these  spccificatlans,  it  refers 
I  en^fincer  actually  in  charge  of  the  work- 


General  Requirements. 

Stooe. — Stone  shall  be  of  the  kinds  designated  and  shall  be  hard  and  durable,  of  approved 
'  And  shape^  free  from  seams,  or  other  imperfections.     Unseasoned  stone  t>hall  not  be  used 
hiabte  t*>  injury  by  frost. 
Dressing. ^ — Dressing  shall  be  the  best  of  the  kind  specified. 

Beds  and  joints  or  builds  shall  be  square  with  each  other,  and  dressed  true  and  out  of 
Hollow  beds  shall  not  be  permitted. 

Stone  shall  be  dresjsed  for  laying  on  the  natural  bed.     In  all  cases  the  IxHJ  shall  not  be 
m  the  rise. 

Marginal  drafts  shall  be  neat  and  accurate. 
Pitching  shall  be  done  to  true  lines  and  exact  batter. 

Mortar. — Mortar  shall  be  mixed  in  a  suitable  box.  or  in  a  machine  mixer,  preferably  of 

ktch  type,  and  shall  be  kept  free  from  foreign  matter.     The  size  of  the  batch  and  the  pro- 

rt*5  aful  rhe  consistency  shall  be  as  directed  by  the  engineer*     When  mixed  by  hand  the  sand 

11  be  mixed  dry,  the  requisite  amount  of  water  then  added  and  the  mixinj^  Cimtinuod 

It  is  uniformly  distributed  and  the  m.-iss  is  uniform  in  color  and  homngonei.njs, 

Liiviug.^ — The  arrangement  of  courses  and  bond  shall  be  as  indicated  on  the  drawings,  or 

tfd  by  the  engineer.     Stone  shall  be  laid  to  exact  lines  and  levels,  to  give  the  required  Dond 

(lickness  of  mortar  in  beds  and  joints. 

Sionc  shall  be  cleansed  and  dampened  before  laying. 

Str>ne  shall  be  well  bonded,  laid  on  its  natural  bctl  and  solidly  settled  into  place  in  a  full 
[  mortiir. 

Stone  shall  not  be  dropped  or  slid  over  the  wall,  but  shall  be  placed  without  jarring  stone 

laid. 

Heavy  hammering  shall  not  be  allowed  on  the  wall  after  a  course  is  laid. 

^'   -    ^        ming  loose  after  the  mortar  is  set  shall  be  rclaid  with  fresh  mortar 

not  be  laid  in  freezing  weather,  unless  directed  by  the  engineer.     If  laid. 
..    ...  .  ..   :n  ice.  snow  or  frost  by  warming;  the  sand  and  water  used  in  the  mortar  shall 

Hcd, 

With  precaution,  a  brine  may  be  substituted  for  the  heating  of  the  mortar.  The  brine 
onsist  of  one  pound  of  salt  to  eighteen  gallons  of  water,  when  the  temperature  is  12  degret'H 
nheit;  for  every  degree  of  temperature  below  32  degrees  Fahrenheit,  one  ounce  ol  salt  shall 
"d. 

Pointing, — Before  the  mortar  has  set  in  beds  and  joints,  it  shall  be  removed  to  a  depth  of 
'  sn  one  (i)  in.     Pointing  shall  not  be  done  until  the  wall  is  complete  and  m<»rtar  set; 

St  is  in  the  stone, 
lortar  for  pointing  shall  consist  of  equal  parts  of  sand,  sieved  to  meet  the  requirements, 
ttand  cement.     In  pointing,  the  joints  shall  be  wet,  and  filled  with  mortar,  pounded  in 
i  *' set-in*'  or  calking  tool  and  finished  with  a  beading  tool  the  width  of  a  joint,  used  with  a 
«-cdgc. 

Bridge  and  Retaining  Wall  Masonry— Ashlar  Stone. 


etaining  Wall  Masonry.     Ashlar  Stone. — ^The  stone  shall  be  large  and 
urses  shall  not  Vm   less  than  fourteen  (14)  in.  or  more  than  thirty  (30)  in. 


Bridge  and  Rei 
tiuned.     Courses 
|t]nekn(4s  t*f  courses  tn  diminish  rc^uliirly  from  bottom  to  top, 

Dr       ^  ^    :  '         it:^  or  builds  of  face  stone  shall  be  fine-pointed,  so  that  the 

'  U\  -m  one-half  (J)  in.  thick  when  the  stone  b  laid, 

I.   luiM,—  Hi  ,.4L^  ^i -ii^  -.i..rr  L>e  full  to  the  square  for  a  depth  equal  to  at  least  one*half  the 
ICN  the  course,  but  in  no  case  less  than  twelve  (12)  in. 

*  Adofjlcd  by  American  Railway  Engineering  Association. 
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23.  Face  or  Surface. — Exposed  surfaces  of  the  face  stone  shall  be  rock-faoed,  and  edges  pitched 
to  the  true  lines  and  exact  batter;  the  face  shall  not  project  more  than  three  (3}  in.  beyond  the 
pitch  line. 

24.  Chisel  drafts  one  and  one-half  (i})  in.  wide  shall  be  cut  at  exterior  comers. 

25.  Holes  for  stone  hooks  shall  not  be  permitted  to  show  in  exposed  surfaces.  Stone  dni 
be  handled  with  clamps,  keys,  lewis  or  dowels. 

26.  Stretchers. — ^Stretchers  shall  not  be  less  than  four  (4)  ft.  long  and  have  at  least  one  and  a 
quarter  times  as  much  bed  as  thickness  of  course. 

27.  Headers. — Headers  shall  not  be  less  than  four  (4)  ft.  long,  shall  occupy  one-fifth  of  (as 
of  wall,  shall  not  be  less  than  eighteen  (18)  in.  wide  in  face,  and,  where  the  coune  is  more  that 
eighteen  (18)  in.  high,  width  of  face  shall  not  be  less  than  height  of  course. 

28.  Headers  shall  hold  in  heart  of  wall  the  same  size  shown  in  face,  so  arranged  that  a  header 
in  a  superior  course  shall  not  be  laid  over  a  joint,  and  a  joint  shall  not  occur  over  a  header;  the 
same  disposition  shall  occur  in  back  of  wall. 

29.  Headers  in  face  and  back  of  wall  shall  interlock  when  thickness  of  wall  will  admit 

30.  Where  the  wall  is  three  (3)  ft.  thick  or  less,  the  face  stone  shall  pass  entirely  throash. 
Backing  shall  not  be  permitted. 

•31-a.  Backing. — Backing  shall  be  laree,  well-shaped  stone,  roughly  bedded  and  joiottd; 
bed  joints  shall  not  exceed  one  (i)  in.  At  least  one-half  of  the  backing  stone  shall  be  of  sane 
size  and  character  as  the  face  stone  and  with  parallel  ends.  The  vertiad  joints  in  back  of  ml 
shall  not  exceed  two  (2)  in.     The  interior  vertical  joints  shall  not  exceed  six  (6)  in.    Voids  thai 

be  thoroughly  filled  with  {^pj^^^^^y  j^,y^  ^^  ^^„^  ^^^^ 

I  concrete, 
31-b.  Backing  shall  bcl  headers  and  stretchers,  as  specified  in  paragraphs  26  and  27,  ad 
\     heart  of  wall  filled  with  concrete, 

32.  Where  the  wall  will  not  admit  of  such  arrangement,  stone  not  less  than  four  (4)  ft.  loof 
shall  be  placed  transversely  in  heart  of  wall  to  bond  the  opposite  sides. 

33.  Where  stone  is  backed  with  two  courses,  neither  course  shall  be  less  than  eight  (8)  in 
thick. 

34.  Bond. — Bond  of  stone  in  face,  back  and  heart  of  wall  shall  not  be  less  than  twelve  (12) 
in.     Backing  shall  be  laid  to  break  joints  with  the  face  stone  and  with  one  another. 

35.  Coping. — Coping  stone  shall  be  full  size  throughout,  of  dimensions  indicated  on  the 
drawings. 

36.  Beds,  joints  and  top  shall  be  fine-pointed. 

37.  Location  of  joints  shall  be  dctermmcd  by  the  position  of  the  bed  plates,  and  be  indicated 
on  the  drawings. 

38.  Locks. — Where  required,  coping  stone,  stone  in  the  wings  of  abutments,  and  stone 
on  piers,  shall  be  secured  together  with  iron  clamps  or  dowels,  to  the  position  indicated  on  the 
drawings. 

Bridge  and  Retaining  Wall  Masonry — Rubble  Stone. 

39.  Dressing. — The  stone  shall  be  roughly  squared,  and  laid  in  irregular  courses.  Beds  shall 
be  parallel,  roughly  dressed,  and  the  stone  laid  horizontal  to  the  wall.  Face  joints  shall  not  be 
more  than  one  (i)  in.  thick.     Bottom  stone  shall  be  large,  selected  flat  stone. 

40.  Laying. — The  wall  shall  be  compactly  laid,  having  at  least  one-fifth  the  surface  of  bad 
and  face  headers  arranged  to  interlock,  having  all  voids  in  the  heart  of  the  wall  thoroughly  filW 

\  concrete, 

,  suitable  stones  and  spalls,  f^^h  bedded  in  cenient  mortar. 

Arch  Masonry — Ashlar  Stone. 

41.  Arch  Masonry,  Ashlar  Stone. — Voussoirs  shall  be  full  size  throughout  and  dressed  tne 
to  templet,  and  shall  have  bond  not  less  than  thickness  of  stone. 

42.  Dressing. — Joints  of  voussoirs  and  intrados  shall  be  fine-pointed.  Mortar  joints  shall 
not  exceed  three-eighths  (J)  in. 

C  smooth, 

43.  Face  or  Surface. — Exposed  surface  of  the  ring  stone  shall  be    rock  faced,  with  a  margind 

[     draft, 

44.  Number  of  courses  and  depth  of  voussoirs  shall  be  indicated  on  the  drawings 

45.  \'oussoirs  shall  be  placed  in  the  order  indicated  on  the  drawings. 

*  Paragraphs  31-a  and  31-b  are  so  arranged  that  either  may  be  eliminated  according  to 
requirements.     Optional  clauses  printed  in  italics. 
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f  Birkfng. — Backing  sKall  consist  of 


concrete. 


large  stones  shaped  tcfit  ike  arch  bonded  to  the  spandrel 
full  bed  of  mortar. 


55*  Backing. — Backing  shall  consist  of 


and  laid  in  j 
Where  waterproofing  is  required,  a  thin  coat  of  mortar  or  grout  shall  be  applied  ev'cnly 
i^hir,  Km  which  shall  be  placed  a  covering  of  approved  waterproofing  matcriaL 

48.  Cc  aoi  be  struck  until  directed  by  the  engineer. 

49.  Beuca  V*iii3,  Piers,  Spandrels,  etc. — Bench  walls,  piers*  spandrels,  parapets,  wing  walls 
cupings  shall  be  built   under  the  Bpecifications  for  Bridge  and  Retaining  Wall  Mas<jnr>% 

|Ht  AacH  Masonry — Rubble  Stone* 

K  Arch  Masonry,  Rubble  Stone. — ^Voussoirs  shall  be  full  size  throughout,  and  shall  have 
In'Jt  l< -s  than  thickness  of  voussoirs. 

51.  Dressing* — Beds  shziU  be  roughly  dressed  to  bring  them  to  radial  planes. 
5a.  Mortar  joints  sihall  not  exceed  one  (i)  in. 

5.V  Face  or  Surface. — Exjjosed  surfaces  of  the  ring  stone  shall  be  rock-faced,  and  edges 
led  ta  true  line$. 

54.  Voussoirs  shall  be  placed  in  the  order  indicated  on  the  drawings. 

f  concrete, 
targe  stotte,  shated  to  fit  the  arch^  bonded  to  the  span- 

ti      dreJ,  and  lata  in  full  bed  of  mortar. 
Where  waterproofing  is  required,  a  thin  coat  of  moriar  or  grout  shall  be  applied  evenly 
«hinK  coat,  upon  wfiich  shall  be  placed  a  cfivering  of  approved  waterproofing  material* 
57*  CcntiTs  shall  nt^t  l>e  5truck  until  directed  by  the  engineer. 

$H,  Bench  Walls,  Piers,  Spandrels,  etc*^Bench  walls,  piers,  spandrels,  parapets,  wing  walls 
oopinsT^  shall  be  built  under  the  specifications  for  Bridge  and  Retaining  Wall  Masonry » 
bleStotic 

Culvert  Masonky. 

ca    CixlTert  Masoniy.^ — Culvert  Masonry  shall  be  laid  in  cement  mortar.     Character  of 
.tlity  of  work  shall  be  the  same  as  specified  for  Bridge  and  Retaining  W^all  Masonry, 

|fib  Side  Walls* — One-half  the  top  stone  of  the  side  walls  shall  extend  cntinely  across  the 

"   ver  Stones. — Covering  stone  shall  be  sound  and  strong,  at  least  twelve  (12)  in.  thick* 

d  on  the  drawings.     Thry  shall  be  roughly  dressed  to  make  close  joints  with  each 

* '    ir  entire  width  at  least  twelve  (12)  in.  over  the  side  walls.     They  shall  be  doubled 

ikments,  as  indicated  on  the  drawings. 

alls,  Coping. — End  walls  shall  be  covered  with  suitable  coping,  as  indicated  un 


Dry  Masonhy* 

S^.  Dry  Mftsonry* — Dry  Masonry  shall  include  dr\*  retaining  walls  and  slope  walls. 

64,  Retaining  Walls. — Retaining  Walls  and  Dr\^  Masonry  shall  include  all  walls  in  which 

le  rtone  laid  without  mortar  is  used  for  retaining  embankments  or  for  similar  purpfjses. 

t* — Flat  stone  at  least  twice  as  wide  as  thick  shall  be  used*     Beds  and  joints 

square  to  each  other  and  to  face  of  ston&, 
all  not  exceed  thn?e-quarters  (J)  in, 
lition  of  Stone. — ^Stone  of  different  sizes  shall  be  evenly  distributed  over  entire 
rgcmTally  keeping  the  larger  5tone  in  lower  part  of  wall. 
fe  work  shall  be  well  bonded  and  present  a  reasonably  true  and  smooth  surface,  free 
ts  or  projections. 

[Slope  Walls, — ^Slope  W^alls  shall  be  built  of  such  thickness  ancl  slope  as  directed  In'  the 
Stone  shall  not  be  used  in  this  construction  which  does  not  reach  entirely  thrfHifjh  the 
lone  shall  be  placed  at  right  angles  to  the  slopes.     The  wall  shall  be  built  simultaneously 
i  eabaiiknurnt  which  it  is  to  protect. 
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SPECIFICATIONS  FOR  PLAIN  AND   REINFORCED  CONCRETE  AND  STEa 

REINFORCEMENT.* 

Concrete  Materials. 

1.  Cement. — ^The  cement  shall  be  Portland  and  shall  meet  the  requirements  of  the  staaM 
8p)ecifications. 

2.  Fine  Aggregates. — Fine  aggregate  shall  consist  of  sand,  crushed  stone  or  gravel  screenii^ 
graded  from  fine  to  coarse,  and  passmg  when  dry  a  screen  having  i  in.  diameter  holes;  it  slnl 
preferably  be  of  hard  siliceous  material,  clean,  free  from  dust,  soft  i)articles,  vegetable  loam  tf 
other  deleterious  matter,  and  not  more  than  6  per  cent  shall  pass  a  sieve  having  loo  meshes  p8 
linear  inch. 

3.  The  fine  aggregate  shall  be  of  such  quality  that  mortar  composed  of  one  part  PorthaJ 
cement  and  three  parts  fine  aggregate  by  weight  when  made  into  bnquettes  shall  show  a  tendt 
strength  at  least  equal  to  the  strength  of  i  :  3  mortar  of  the  same  consistency  made  with  sm 
cement  and  standard  Ottawa  sand,  f 

4.  Coarse  Aggregates. — Coarse  aggregate  shall  consist  of  material  such  as  crushed  stone  a 
gravel  which  is  retained  on  a  screen  having  }  in.  diameter  holes  and  having  gradation  of  sizes  fras 
the  smallest  to  the  largest  particles;  it  shall  be  clean,  hard,  durable  and  free  from  all  deletenM 
matter.     Aggregates  containing  dust,  soft  or  elongated  particles  shall  not  be  used. 

5.  Water. — ^The  water  used  in  mixing  concrete  shall  be  free  from  oil,  acid,  and  injurioi 
amounts  of  alkalies  or  vegetable  matter. 


Steel  Reinforcement. 
-Steel  shall  be  made  by  the  open-hearth  process. 


6.  Manufacture, 
not  be  accepted. 

7.  Plates  and  shapes  used  for  reinforcement  shall  be  of  structural  steel  only, 
wire  may  be  of  structural  steel  or  high  carbon  steel. 

8.  Schedule  of  Requirements. — The  chemical  and  physical  properties  shall  conform  to  tb 
following  limits: 


Rerolled  material  li 
Ban  as 


Elements  Considered. 

Structural  Steel. 

High  Carboa  Steel 

-^,        ,                         f  Basic 

0.04  per  cent 
0.06  per  cent 
0.05  per  cent 

0.04  per  cent 
0.06  per  cent 
0.05  per  cent 

Phosphorus,  max. .  <  ^^^j^ 

Sulphur,  maximum 

Ultimate  tensile  strength  in  pounds  per  square 
inch 

Elong.,  min.  per  cent  in  8  in.,  Fig.  I - 

Character  of  Fracture 

Desired 

60,000 

i,500,ooot 

Ult.  tensile  strength 

Silky 

i8o«  flat 

Desired 

88,000 

1,000,000 

Ult.  tensile  strength 

Silky  or  finely 

granular 

i8o«  d  =  4t§ 

Cold  Bends  without  Fracture 

9.  Yield  Point. — The  yield  point  for  bars  and  wire,  as  indicated  by  the  drop  of  the  bcaa 
shall  be  not  less  than  60  per  cent  of  the  ultimate  tensile  strength. 

10.  Allowable  Variations. — If  the  ultimate  strength  varies  more  than  4,000  lb.  for  structun 
steel  or  6,000  lb.  for  high  carbon  steel,  a  retest  shall  be  made  on  the  same  gage,  which,  to  beat 
ceptable,  shall  be  within  5,000  lb.  for  structural  steel,  or  8,000  lb.  for  high  carbon  steel,  of  th 
desired  ultimate. 

•  Adopted  by  the  American  Railway  Engineering  Association. 

t  This  sand  may  be  obtained  from  the  Ottawa  Silica  Company  at  a  cost  of  2  cts.  per  ft 
f.  o.  b.  cars,  Ottawa,  111. 
1  See  paragraph  15. 

%'*d  ==  4/"  signifies  "around  a  pin  whose  diameter  is  four  times  the  thickness  of  the  specimen. 
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11*  Chemical  Analyses. — ^Chemical  determinations  of  the  percentages  of  carbon,  phosphorus, 
((phur  and  manganese  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at  the  time 
the  pouring  of  each  melt  of  steel,  and  a  correct  copy  of  such  analysis  shall  l)e  furnished  to  the 
ll£incer  or  his  inspector  Check  analysis  shall  be  made  from  finished  material,  if  called  for  by 
ic  railroad  company,  in  wliich  case  an  excess  of  25  per  cent  above  the  required  limits  will  be 
loved. 

Form  of  Specimens. ^Plates,   Shapes  and  Bars:  Specimens  for  tensile  and  bending 
plates  and  shapes  shall  he  made  by  cutting  couptins  from  the  finished  product,  which 
faces  rolled  and  both  edges  milled  to  the  form  showa  by  Fig.  I ;  or  with  both  edges 
may  be  turned  to  a  diameter  of  }  in,  with  enlarged  ends. 
11  be  tested  in  their  finished  form. 


i 


^  About »"»,    ^;<Pj?»>yj«e'J«L5«Js-Lth««.».%j         ^boo«*[ 

I 


:♦    *   ♦ 


K- — — - — About  «"-— 

Fig.  I. 


K limber  of  Tests, — At  least  one  tensile  and  one  bending  test  shall  be  made  from  e^ch  melt 
as  rolled.     In  case  steel  differing  i  in.  and  more  in  thickness  is  rolled  from  one  mcU»  a 
all  be  made  from  the  thickest  and  thinnest  material  rolled. 
Modifications  in  Elongation. — For  material  less  than  ^  in,  and  more  than  {  in,  in  thick- 
►  fiV  liKlifications  will  be  allowed  in  the  requirements  for  elongation  1 

]'  in.  in  thickness  below  A  J"*  a  deduction  of  2  J  will  be  aUowed  from  the  speci- 

i  outage. 

^)  For  each  i  in,  in  thickness  above  l  in.,  a  deduction  of  i  will  be  allowed  from  the  specified 
percentage. 
Bending  Tests, — ^Bending  test  may  be  made  by  pressure  or  by  blows.     Shapes  and  bars 
an  one  inch  thick  shall  bend  as  called  for  in  paragraph  8. 

Thick  Material, — Test  spccimensone  inch  thickandover  shall  tiend  cold  180  degrees  around 

j^hediamctcr  f)f  which,  for  structural  steel,  is  twHce  the  thickness  of  the  specimen,  and  for  high 

I  steel,  is  &.ix  times  the  thickness  of  the  specimen,  without  fracture  on  the  outside  of  the  bend. 

Finish, — Finished  material  shall  be  free  from  injurious  seams,  t)aws,  cracks,  defective 

t-her  defects,  and  have  a  smooth,  uniform  and  workmanlike  finish. 

aping. — Ever>'  finished  piece  of  steel  shall  have  the  melt  numlxr  and  the  name  of 
ictiinr  stamped  or  rolled  upon  it,  except  that  bar  steel  and  other  small  parts  may  be 
I  with  the  above  marks  on  an  attached  metal  tag. 

Defective  Material. — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and  its 
r.',  develops  weak  spits,  brittleness,  cracks  or  other  im(x*rfections,  or  is  found  to 
"ofects,  will  be  rejected  and  shall  be  replaced  by  the  manufacturer  at  his  own  cost. 
r  ifi^;  steel  shall  be  free  from  excessive  rust,  loose  scale,  or  other  coatings  of  any 
ler,  V  I  n  h   .-.  nuld  reduce  or  destroy  the  bond. 

WORKMAKSHTF. 

^^^T^Tire. — The  unit  of  measure  shall  be  the  cubic  foot,     A  bag  containing  not 
shall  he  assumed  as  one  cubic  foot  of  cement.     Fine  and  coarse  aggrc- 

_  .       .  . A  paratrly  as  loosely  thrown  into  the  measuring  receptacle. 
ation  of  Fine  and  Coarse  Aggregates,— The  fine  and  coarse  aggregates  shall  be  used 
ive  proportions  as  will  insure  maximum  density^ 
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24.  Pro{K>rtioiis. — The  proportions  of  matenals  for  the  different  cbssea  of  concrete  sM  ii 
as  follows: 


Cli&M. 


Use. 


Cemeni* 


Aggregates. 


Fine. 


Omuc 


Note: — This  blank  to  be  filled  for  each  contract. 

25.  For  plain  concrete,  a  proportion  of  x  :  9  (unlejs  otherwise  specified)  shall  be  used,  l  r^ 
one  part  of  cement  to  a  total  of  nine  parts  of  fine  and  coarse  aggregates  nttasured  separaklyii<l 
example,  I  cement,  3  fine  aggregate,  6  coarse  aggregate. 

26.  For  reinforced  concrete  a  pro]Xirtioo  of  I  :  6  (unless  otherwise  specified)  shall  be  um^ 
i.  e.,  one  part  of  cement  to  a  total  of  six  parts  of  fine  and  coarse  aggregates  measured  sepanaeif, 
for  example,  1  ccmentt  2  fine  aggregate,  and  4  coarse  aggregate. 

27.  Mtxixig* — The  ingredients  of  concrete  shall  be  thoroughly  mixed  to  the  desired  cob- 
sistency,  and  the  mixing  shall  continue  until  the  cement  is  uniformly  distributed  and  the  nail 
is  uniform  in  color  and  homogeneous. 

28.  Measuring  Proportioas.^ The  various  ingredients,  including  the  water,  shall  bf 
separately,  and  the  methods  of  measurement  shall  be  such  as  to  secure  the  proper  pro; 
all  times. 

29.  Machine  Mixing.^ — ^A  machine  mixer,  preferably  of  the  batch  type,  shall  be  u- 
ever  the  volume  of  the  work  will  justify  the  expense  of  installing  the  plant.  The  re^j 
demanded  are  that  the  product  delivered  shall  be  of  the  specified  proportions  and  C' 
and  thoroughly  mixed, 

30.  Haod  Mixing.— When  tt  Is  necessary  to  mix  by  hand,  the  mixing  shall  be  on  a  \ 
platform  of  sutlicient  size  to  accommodate  men  and  materials  for  the  progressive  ami  ra; 
of  at  least  two  batches  of  concrete  at  the  same  time.     Batches  shall  not  exceed  one  ! 
yard  each.     The  mixing  shall  be  done  as  follows:  The  fine  aggregate  shall  tie  spread  e\ 
the  platform,  then  the  cement  upon  the  fine  aggregates,  ana  these  mixed  thoroughly  1 
even  color.     The  water  necessar>'  to  mix  a  thin  mortar  shall  then  be  added  and  the  mor 
again.     The  coarse  aggregates,  which,  if  dry,  shall  first  l>e  thoroughly  wette^J  tlown,  -»ij,4..j^ 
be  added  to  the  mortar.     The  mass  shall  then  be  turned  with  shovels  or  hoes  until  thor>aflfl^| 
mixed  and  all  the  aggregate  covered  with  mortar.     Or,  at  the  option  of  the  engineer,  the  wl^l 
aggregate  may  be  added  before,  instead  of  after,  adding  the  water. 

31.  Consistency. — The  materials  shall  t>e  mixed  wet  enough  to  produce  a  concrete  of  ««* 
consistency  that  it  will  flow  into  the  forms  and  about  the  metal  reinforcement,  and 
the  other  hand,  can  be  conveytxl  from  the  place  of  mixing  to  the  forms  without  separaL 
coarse  aggresate  from  the  mortar. 

32.  Retemperxng, — Retempcring  mortar  or  concrete,  i  e.,  remixing  with  water  alter  it  lot 
partially  set,  will  not  be  permitted, 

33.  Placing  of  Concrete. — Concrete  after  the  completion  of  the  mixing  shall  bo  hiindlad 
rapidly  to  the  place  nf  final  deposit  and  under  no  circumstances  shall  concrete  be  usijd  that  hai 
partially  set  before  final  placing. 

3-^.  The  concrete  shall  be  deposited  in  such  a  manner  as  will  prevent  the  aeparalintt  of  ^^ 
ingredients  and  permit  the  most  thorough  compacting.     It  shall  be  compacted  by  wor 
a  straight  shovel  or  slicing  tool  kept  moving  up  and  down  until  all  the  ingredients  havt 
their  proper  place  and  the  surplus  water  is  forced  to  the  surface.     In  general,  except  in  ar  1^ 
all  concrete  must  be  deposited  in  horizontal  layers  of  uniform  thickness  throughout. 

55.  In  depositing  concrete  under  water,  special  care  shall  be  exercised  to  prevent  the  ccnu 
from  floating  away  and  to  prevent  the  formation  of  laitance. 

36.  Before  depositing  concrete  the  forms  shall  be  thoroughly  wetted  (except  in  freettof 
weather)  or  oiled,  and  the  space  to  be  occupied  by  the  concrete  cleared  of  debris. 

37.  Before  placing  new  concrete  on  or  against  concrete  which  has  set.  the  surface  of  tlie  lalW 
shall  De  roughened,  thoroughly  cleansed  of  foreign  material  and  laitance,  drenched  and 
with  a  mortar  consisting  of  one  part  Portland  cement  and  not  more  than  two  parts  fine  a, 

38.  The  faces  of  concrete  exposed  to  premature  drying  shall  be  kept  wet  for  a  period 
least  three  days. 


ttm^i^ 
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Freezing  Weather, — Concrete  shall  not  be  mixed  or  deposited  at  a  freezing  tcmi>erature, 
Special  precuatiuns,  approved  by  the  engineer,  arc  taken  to  avoid  the  use  of  materials 
'  with  ice  crystals  or  containing  frost  and  to  provide  means  to  prevent  tlie  concrete  from 
aing 

^th*  has  used  the  following  specificatton  for  depositing  concrete  in  freezing  weather: — 

Bl/  ture  of  the  air  is  below  40*^  F,  during  the  time  of  mtxijig  and  placing  concrete,  the 

^pt  ing  concrete  shall  be  lieated  to  such  a  trjrtpcrature  that  the  temperature  of  tfie  concrete 

^mr  V  less  than  60"  when  it  readies  its  final  position  in  the  forms.     Care  shall  he  used 

Wme  1  'j//  not  be  injured  by  boiling  water. 

40,  Rubble  Concrete* — Where  the  concrete  is  to  be  deposited  in  massive  work,  clean,  large 

tevcnly  distributed,  thoroughly  bedded  and  entirely  surrounded  by  concrete,  may  be 
the  option  of  the  engineer. 
Forms. — Forms  shall  be  substantial  and  unyielding  and  built  so  that  the  concrete  shall 
to  the  designed  dimensions  and  contours,  and  bo  constructed  as  to  prevent  the  leakage 
mortar. 
43,  The  forms  shall  not  be  removed  until  authorized  by  the  engineer, 

43,  For  all  important  work,  the  lumber  used  for  face  work  shall  be  dressed  to  a  uniform  thick- 
Ks  AuA  ftiilth;  shall  be  sound  and  free  from  loose  knots  and  secured  to  the  studding  or  uprights 
il  lines. 

r  backings  and  other  rough  work  undressed  lumber  may  be  used. 
45.  Where  corners  of  the  masonry  and  other  projections  liable  to  injury  occur,  suitable  mold- 
)»Ziul)  be  placed  in  the  angles  of  the  forms  to  round  or  bevel  them  off. 

it  Lumber  once  ust^d  in  forms  shall  be  cleaned  before  being  used  again. 
[  The  rrinfori'ement  shall  )>q  carefully  placed  in  accordance  with  the  plans,  and  adequate 
thall  t>e  provided  to  hold  it  in  its  proper  position  until  the  concrete  has  been  deposited 
npacted. 

Details  of  Construction. 

48.  Spticing  Rcinfarccment. — Whenever  it  is  necessary  to  splice  the  reinforcement  otherwise 
H  as  shown  on  the  plans,  the  character  of  the  splice  shall  be  decided  by  the  engineer  on  the 
|«  0f  the  «afe  bond  stress  and  the  stress  in  the  reinforcement  at  the  point  of  splice.     Splices 
!e  at  points  of  maximum  stress. 

Ml  Concrete* — Concrete  structures,  wherever  possible,  shall  be  cast  at  one  opera- 
I  his  is  not  possible,  the  resulting  joint  shall  be  formed  where  it  will  Ic^st  impair 
_ _;:th  and  aprx-a ranee  of  the  structure. 

Girders  and  slabs  shall  not  be  constructed  over  freshly  formed  walls  or  columns  without 
lining  a  period  of  at  least  four  hours  to  elapse  to  provide  for  settlement  or  shrinkage  in  the 
Before  resuming  work,  the  tops  of  such  walls  or  columns  shall  be  cleaned  of  foreign 
and  laitance, 

A  trianjjular-shaped  groove  shall  be  formed  at  the  surface  of  the  concrete  at  vertical 
walls  and  abutments. 

Surface  Finish. — Except  where  a  special  surface  finish  is  required,  a  spade  or  special 
}\  ahvavs  be  worked  between  the  concrete  and  the  form  to  force  back  the  coarse  aggne* 
id  prorlure  a  mortar  face. 
Top  Surfaces* — Top  surfaces  shall  generally  be  *'  struck'*  with  a  straight  edge  or  **  floated  ** 
cr>ars«*  aggregates  have  been  forcefl  below^  the  surface. 

Sidewalk  Finish. — Where  a  "sidewalk  finish"  is  called  for  on  the  plans^  it  shall  be  made 
J  a  layer  of  1  :  2  mortar  at  least  {  in.  thick,  troweling  the  same  to  a  smooth  surface. 
Lin^  coat  ahall  be  put  on  before  the  concrete  has  taken  its  initial  set. 
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REFERENCES. — Plain  masonry  and  concrete  abutments  and  piers,  only,  have  been  cob- 
sidered  in  this  chapter.     The  following  books  may  be  consulted  for  additional  information. 

Baker's  "  Masonry  Construction,"  John  Wiley  &  Sons,  gives  a  full  discussion  of  the  de^ji 
of  masonry,  plain  and  reinforced  concrete  abutments  and  piers,  and  the  different  methodiof 
constructing  abutments  and  piers. 

Fowler's  "  Ordinary  Foundations,**  John  Wiley  &  Sons,  gives  a  full  discussion  of  the  desjgi 
and  construction  of  abutments  and  piers,  with  special  attention  given  to  the  coffer  dam  proce& 

Jacoby  and  Davis'  ''  Foundations  of  Bridges  and  Buildings,"  McGraw-Hill  Book  G).,giTa 
a  full  discussion  of  the  design  and  construction  of  abutments  and  piers. 

Bulletin  140  of  the  Am.  Ry.  Eng.  Assoc,  has  an  article  on  the  Design  of  Railway  Bridge  Abut- 
ments by  Mr.  J.  H.  Prior,  Asst.  Engineer,  C.  M.  &  St.  P.  Ry.  This  article  describes  in  debl 
the  standard  plain  and  reinforced  concrete  abutments  used  by  the  C.  M.  &  St.  P.  Ry. 


L — ^The  following  definitions  have  been  adopted  by  the  American  Railway  Engi- 
isociatioa. 

len  Trestle. — A  wooden  structure  composed  ol  upright  members  supporting  simple 
I  members  or  beams,  the  whole  forming  a  support  for  loads  applied  to  the  horizontal 

m  Trestle. — A  structure  in  which  the  upright  members  or  supports  are  framed  timbers. 

^restle, — A  structure  in  which  the  upright  members  or  supports  are  piles, 

—The  group  of  memlx-Ts  forming  a  single  vertit^al  support  of  a  trestle,  designated  as 

Inhere  the  principal  members  are  piles,  and  as  framed  l>ent  where  of  framed  timbers. 

^-Onc  of  the  v^ertical  or  battered  members  of  the  bent  of  a  framed  trestle. 

—(See  definition  under  subject  of  Piles  and  Pile  Uriving.) 

r — A  deviation  from  the  vertical  in  upright  members  of  a  bent. 

"-A  horiz*>ntal  rocmlier  upon  the  top  of  piles  or  posts,  connecting  them  in  the  form  of  a 

-A  lower  horijEontal  member  of  a  framed  bent. 

Sill* — A  timber  bedded  in  the  ground  to  support  a  framed  bent. 

mediate  Sill. — A  horizontal  member  in  the  plane  of  the  bent  between  the  cap  and  sill 

ihc  posts  arc  framed. 

'  Brace. — A  member  bolted  or  spiked  to  the  bent  and  extending  diagonally  across  its 

Hudlaal  Strut  or  Girt* — A  stiff  member  running  horizontally,  or  nearly  so*  from  bent  to 

lludinal  X'Brace, — A  member  extending  diagonally  from  bent  to  bent  in  a  vertical  or 
llane, 

iBrmce. — A  horizontal  member  secured  to  the  posts  or  piles  of  a  bent. 
|er, — .\  longitudinal  member  extending  from  bent  to  bent  and  supporting  the  ties. 
Stringer.^A  stringer  placed  outside  of  the  line  of  main  stringers. 
f-A  tran^xxrse  timber  renting  on  the  stringers  and  suppcjrting  the  rails- 
i  Rail.^A  longitudinal  member,  usually  a  metal  rad.  secured  on  top  of  the  tics  inside 
ik  rail,  to  guide  derailed  car  wheels, 

f  Timber.— A  longitudinal  timber  framed  over  the  ties  outside  of  the  track  rail,  to 
the  spacing  of  the  ties. 

ing  Block. — ^A  small  member,  usually  wood,  used  to  secure  the  parts  of  a  composite 
I  their  proper  relative  positions. 

ng  Spool  or  Separator, — A  small  casting  us^d  in  connection  with  packing  bolts  to 
several  piarts  of  a  composite  member  in  their  pro|x-r  relative  positions* 
Bolt. — ^A  piece  of  round  or  square  iron  of  specified  length,  with  or  without  head  or 
rcn  as  a  spike, 

ll-^An  iron  or  wooden  pin,  extending  into,  but  not  through,  two  meml^rs  of  the  stnac- 
Jinect  them, 

, — A  small  piece  of  woixl  or  metal  placed  between  two  members  of  a  structure  to  bring 
dcj^ired  relative  position. 

Wate. — ^A  short  piece  lapping  a  joint,  secured  to  the  side  of  two  members,  to  connect 
to  end, 
lead, — A  wall  of  timber  placed  against  the  side  of  an  end  bent  to  nctain  the  embankment. 

Structural  Timber. 

— ^The  following  definitions  have  been  adopted  by  the  American  Railway  Engi- 
ioctatton. 

. — A  single  stick  of  wood  of  regular  cross'scction. 
Section. ^A  section  of  a  stick  at  ris^ht  angles  to  the  axis, 

^)f  uniform  cross-section.     Defects  are  caused  by  wavy  or  jagged  sawing  or  consist 
tfal  instead  of  rectangular  cross-sect  ions. 
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Axis. — ^The  line  connecting  the  centers  of  successive  cross-sections  of  a  stick. 

Straight. — Having  a  straight  line  for  an  axis. 

Out  of  Wind. — Having  the  longitudinal  surfaces  plane. 

Full  Length. — Long  enough  to  "square"  up  to  the  length  specified  in  the  order. 

Comer. — The  line  of  intersection  of  the  planes  of  two  adjacent  longitudinal  surfaces. 

Girth. — The  perimeter  of  a  cross-section. 

Side. — Either  of  the  two  wider  longitudinal  surfaces  of  a  stick. 

Edge. — Either  of  the  two  narrower  longitudinal  surfaces  of  a  stick. 

Face. — The  surface  of  a  stick  which  is  exposed  to  view  in  the  finished  structure. 

Sapwood. — A  cylinder  of  wood  next  to  the  bark  and  of  lighter  color  than  the  wood  wnhnL 
It  may  be  of  uneven  thickness. 

Heartwood. — The  older  and  central  part  of  a  log,  usually  darker  in  color  than  sapvooi 
It  appears  in  strong  contrast  to  the  sapwood  in  some  species,  while  in  others  it  is  but  sl^Uf 
different  in  color. 

Springwood. — The  inner  part  of  the  annual  ring  formed  in  the  earlier  part  of  the 
not  necessarily  in  the  spring,  and  often  containing  vessels  or  pores. 

Summerwood. — ^The  outer  part  of  the  annual  ring  formed  later  in  the  season,  not 
in  the  summer,  being  usually  dense  in  structure  and  without  conspicuous  pores. 

Decay. — Complete  or  partial  disintegration  of  the  cell  walls,  due  to  tne  growth  of  fungi 

Sound. — Free  from  decay.  1 

Solid. — Without  cavities;  free  from  loose  heart,  wind  shakes,  bad  checks,  splits  or  breab^ 
loose  slivers,  and  worm  or  insect  holes. 

Wane. — A  deficient  corner  due  to  curvature  or  to  taper  of  the  log. 

Square  Cornered. — Free  from  wane. 

Knot. — The  hard  mass  of  wood  formed  in  a  trunk  at  a  branch,  with  the  grain  distinct  ad 
separate  from  the  grain  of  the  trunk. 

Cross-Grain. — The  gnarly  mass  of  wood  surrounding  a  knot,  or  grain  injuriously  out  d 
parallel  with  the  axis. 

Wind  Shake. — A  crack  or  fissure,  or  a  scries  of  them,  caused  during  growth. 

Standard  Defects  of  Structural  Timber.* 

The  standard  defects  included  in  the  following  list  are  mostly  such  as  may  be  tenned  n^ont 
'defects,  as  distinguished  from  defects  of  manufacture.  The  latter  have  usually  been  omitted, 
because  the  defects  of  manufacture  are  of  minor  significance  in  the  grading  of  structural  timber 

Sound  Knot. — A  sound  knot  is  one  which  is  solid  across  its  face  and  is  as  hard  as  the  wood 
surrounding  it.  It  may  be  either  red  or  black,  and  is  so  fixed  by  growth  or  position  that  it  lil 
retain  its  place  in  the  piece. 

Loose  Knot. — A  loose  knot  is  one  not  firmly  held  in  place  by  growth  or  position. 

Pith  Knot. — A  pith  knot  is  a  sound  knot  with  a  pith  hole  not  more  than  J  in.  in  diametert 
in  the  center. 

Encased  Knot. — An  encased  knot  is  one  which  is  surrounded  wholly  or  in  part  by  bark  or 
pitch.  Where  the  encasement  is  less  than  i  in.  in  width  on  each  side,  nor  exceeding  one-half  the 
circumference  of  the  knot,  it  shall  be  considered  a  sound  knot. 

Rotten  Knot. — A  rotten  knot  is  one  not  as  hard  as  the  wood  surrounding  it. 

P4n  Knot. — A  pin  knot  is  a  sound  knot  not  over  \  in.  in  diameter. 

Standard  Knot. — A  standard  knot  is  a  sound  knot  not  over  i  J  in.  in  diameter. 

Large  Knot. — A  large  knot  is  a  sound  knot,  more  than  i  J  in.  in  diameter. 

Round  Knot. — A  round  knot  is  one  which  is  oval  or  circular  in  form. 

Spike  Knot. — A  spike  knot  is  one  sawn  in  a  lengthwise  direction.  The  mean  or  average 
diameter  shall  be  taken  as  the  size  of  these  knots. 

Pitch  Pockets. — Pitch  pockets  arc  openings  between  the  grain  of  the  wood,  containing  moie 
or  less  pitch  or  bark.     These  shall  be  classified  as  small,  standard  and  large  pitch  pockets. 

Small  Pitch  Pocket. — (a). — A  small  pitch  pocket  is  one  not  over  J  in.  wide. 

Standard  Pitch  Pocket. — (b). — A  standard  pitch  pocket  is  one  not  over  f  in.  wide  nor  o\tf 
3  in.  in  length.  .     .    ,    ^w 

Large  Pitch  Pocket. — (c). — A  large  pitch  pocket  is  one  over  I  in.  wide,  or  over  3  m.  in  length 

Pitch  Streak. — A  pitch  streak  is  a  well-defined  accumulation  of  pitch  at  one  point  in  the 
piece.  When  not  sufficient  to  develop  a  well-defined  streak,  or  where  the  fiber  between  grains, 
that  is,  the  coarse  grained  fiber,  usually  termed  "spring  w^ood,"  is  not  saturated  with  pitch, « 
shall  not  be  considered  a  defect. 

♦Adopted  by  Am.  Ry.  Eng.  Assoc..  Vol.  8,  1907. 

t  Measurements  which  refer  to  the  diameter  of  knots  or  holes  shall  be  considered  as  the  meal 
or  average  diameter  in  all  cases. 
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-Shakes  arc  splits  or  ch(x:k)s  in  timber  which  usually  cause  a  separation  of  the 
en  annual  rings. 
"ke.— An  opening  between  annual  rings. 
Through  Shakes. — A  shake  which  extends  between  two  faces  of  a  timber. 
Rot,  Dote  and  Red  Heart. — Any  form  of  decay  which  may  be  evident  either  as  a  dark  red 
roloration  not  found  in  the  sound  wood,  or  by  the  presence  of  white  or  red  rotten  spots,  shall  be 
L'd  as  A  defect* 

ae. — (Sec  definition  under  the  subject  of  Structural  Timber.) 
e. — ^See  additional  definitions  of  defects  under  Structural  Timber. 


Piles  and  Pile  Driving.* 
'  following  definitions  and  the  principles  of  Pile  Driving  have  been  adopted  by  the  Ameri- 
ilway  Engineering  .\ssociation. 

-A  membcrr  usually  driven  or  jetted  into  the  ground  and  deriving  its  support  from  the 
Ijing  strata*  and  by  the  friction  of  the  ground  on  its  surface.  The  usual  functions  of  a 
'are:  (a)  to  carry  a  suptTiniposed  load;  (b)  to  compact  the  surrounding  ground;  (c)  to  form  a 
il  to  exclude  water  and  soft  material,  or  to  resist  the  lateral  pressure  of  adjacent  ground • 

Head  of  Pile. — The  upper  end  of  a  pile. 

Foot  of  F*ile.^The  lower  end  of  a  pile. 

BtiH  of  Pile. — The  larger  end  of  a  pile. 

Tip  ol  Pile. — The  smaller  end  of  a  pile. 

Beariag  Pile, — One  used  to  carrj^  a  superimposed  load. 

Screw  Pile. — One  having  a  broad-bladed  screw  attached  to  its  foot  to  provide  a  larger  bearing 

A. 

Disc  Pile. — One  ha\^ng  a  disc  attached  to  its  foot  to  provide  a  larger  bearing  area* 
Bitter  Pile.^ — One  driven  at  an  inclination  to  resist  forces  which  are  not  vertical. 
Sheet  Pile.— Piles  driv^en  in  close  contact  in  order  to  provide  a  tight  wall,  to  prevent  leakage 
prater  and  soft  materials,  or  driven  to  resist  the  lateral  pressure  of  adjacent  ground. 
Pile  Driver, — ^A  machine  for  driving  pilei*. 

Hammer. — A  weight  used  to  deliver  blows  to  a  pile  to  secure  its  penetration. 
Drop  Hammer. — One  which  is  raised  by  means  of  a  rope  and  then  allowed  to  drop. 
Sceam  Hammer. — One  which  is  automatically  raised  and  dropped  a  comparatively  short 
Lance  b^"  the  action  of  a  steam  cylinder  and  piston  supported  in  a  frame  which  follows  the  pile. 
'b. — ^The  upright  parallel  members  of  a  pile  dri^xr  which  support  the  sheaves  used  to 
nmer  and  piles,  and  which  guide  the  hammer  in  its  movt'ment. 
block  used  to  protect  the  head  of  a  pile  and  to  hold  it  in  the  leads  during  driving, 
-A  metal  hoop  used  to  bind  the  head  of  a  pile  during  driving, 
1. — A  metal  protection  for  the  point  or  foot  of  a  pile. 

% — A  member  intcrp:>sed  between  the  hammer  and  a  pile  to  transmit  blows  to  the 
er  when  below  the  foot  of  the  leads, 

PILE*DRIVING — Principles  of  Practice. — (i)  A  thorough  exploration  of  the  soil  by  borings, 
ciinary  test  piles,  is  the  most  important  prerequisite  to  the  design  and  consftruction  of 
pdations. 

cost  of  exploration  is  frec|uently  le^s  than  that  othen^'ise  required  merely  to  revise 
the  structure  involved,  without  considering  the  unnecessary  cost  of  the  structures 
Tof  information. 
Where  adequate  exploration  is  omitted,  it  may  result  in  the  entire  loss  of  the  structure, 
eatly  increased  cnst. 
The  proper  diameter  and  length  of  pile,  and  the  method  of  driving  depend  upon  the  result 
revioiiA  exploration  and  the  purpo5«?  for  which  they  are  intended. 

Where  the  soil  consists  wholly  or  chiefly  of  sand,  the  conditions  are  most  favorable  to 
Jcjf  the  water  jet. 
fn   *  Us  containinj?  gravel  the  use  of  the  jet  may  be  advantageous,  provided 

%^  pressure  be  provided, 

tn  . ...  P  i.-  ...ay  be-  economical  to  bore  several  holes  in  the  soil  with  the  aid  of  the  jet  before 
be  pile,  thus  securing  the  accurate  location  of  the  pile,  and  its  lubrication  while  being 

J  f  ft  general,  the  water  jet  should  not  be  attached  to  the  pile,  but  handled  separately. 
'Tirft  nT<  will  often  succeed  where  one  fails;  in  special  cases  a  third  jet  extending  a  part 
'^  materially  in  keeping  loose  the  material  around  the  pile. 
the  material  is  of  such  a  porous  character  that  the  water  from  the  jets  may  be 

rao  cUtwratc  bibliography  on  **  Piles  and  Pile  Driinng"  see  Am.  Ry.  Eng.  Assoc.,  Vol.  to. 
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dissipated  and  fail  to  come  up  in  the  immediate  vicinity  of  the  pile»  the  utility  of  the  jet  is  uncer- 
tain, except  for  a  part  of  the  penetration. 

(ii)  A  steam  or  drop  hammer  should  be  used  in  connection  with  the  water  jet,  and  used  to 
test  the  final  rate  of  penetration. 

(12)  The  use  of  the  water  jet  is  one  of  the  most  effective  means  of  avoiding  injury  to  pikt 
by  overdriving. 

(13)  There  is  danger  from  overdriving  when  the  hammer  begins  to  bounce.  Overdriving  ii 
also  indicated  by  the  bending,  kicking  or  staggering  of  the  pile. 

(14)  The  brooming  of  the  head  of  a  pile  dissipates  a  part,  and  in  some  cases  all,  of  the  eneicf 
due  to  the  fall  of  the  hammer. 

(15)  The  weight  or  the  drop  of  the  hammer  should  be  proportioned  to  the  weight  of  the 
pile,  as  well  as  to  the  character  of  the  soil  to  be  penetrated. 

(16)  The  steam  hammer  is  more  effective  than  the  drop  hammer  in  securing  the  penetxadai 
of  a  pile  without  injury,  because  of  the  shorter  interval  between  blows. 

(17)  Where  shock  to  surrounding  material  is  apt  to  prove  detrimental  to  the  structure,  the 
steam  hammer  should  always  be  used  instead  of  the  drop  hammer.  This  is  especially  true  in  the 
case  of  sheet  piling  which  is  intended  to  prevent  the  passage  of  water.  In  some  cases  also  the 
jet  should  not  be  used. 

(18)  In  general,  the  resistance  of  piles,  penetrating  soft  material,  which  depend  solely  upon 
skin  friction,  is  materially  increased  after  a  period  of  rest.  This  period  may  be  as  short  as  fifteen 
minutes,  and  rarely  exceeds  twelve  hours. 

(19)  In  tidal  waters  the  resistance  of  a  pile  driven  at  low  tide  is  increased  at  high  tideoi 
account  of  the  extra  compression  of  the  soil. 

(20)  Where  a  pile  penetrates  muck  or  a  soft  yielding  material  and  bears  upon  a  hard  straLtnm 
at  its  foot,  its  strength  should  be  determined  as  a  column  or  beam;  omitting  the  resistance,  if  any, 
due  to  skin  friction. 

(21)  Unless  the  record  of  previous  experience  at  the  same  site  is  available,  the  approximate 
bearing  power  may  be  obtained  by  loading  test  piles.  The  results  of  loading  test  piles  should 
be  used  with  caution,  unless  their  condition  is  fairly  comparable  with  that  of  the  piles  in  the 
proposed  foundation. 

(22)  In  case  the  piles  in  a  foundation  are  expected  to  act  as  columns  the  results  of  loaufiiig 
test  piles  should  not  be  depended  upon  unless  they  are  sufficient  in  number  to  insure  their  actioi 
in  a  similar  manner,  and  they  are  stayed  against  lateral  motion. 

(23)  Before  testing  the  penetration  of  a  pile  in  soft  material  where  its  bearing  power  depends 
principally,  or  wholly,  upon  skin  friction,  the  pile  should  be  allowed  to  rest  for  24  hours  after 
driving. 

(24)  Where  the  resistance  of  piles  dcp)cnds  mainly  u(x>n  skin  friction  it  is  possible  to  diminish 
the  combined  strength,  or  bearing  capacity,  of  a  group  of  piles  by  driving  additional  piles  within 
the  same  area. 

(25)  Where  there  is  a  hard  stratum  overlying  softer  material  through  which  the  piles  are  to 
pass  to  a  firm  bearing  below,  the  upixir  stratum  should  l>e  removed  by  dredging  or  otherwise, 
provided  it  would  injure  the  piles  to  drive  through  the  stratum.  The  material  removed  maybe 
replaced  if  it  is  needed  to  provide  lateral  resistance. 

(26)  Timber  piles  may  be  advantageously  pointed,  in  some  cases,  to  a  4-in.  or  6-in.  square 
at  the  end. 

(27)  Piles  should  not  be  jjointcd  when  driven  into  soft  material. 

(28)  Shoes  should  be  provided  for  piles  when  the  driving  is  very  hard,  especially  in  riprap  or 
shale,  and  should  be  so  constructed  as  to  form  an  integral  part  of  the  pile. 

(29)  The  use  of  a  cap  is  advantageous  in  distributing  the  impact  of  the  hammer  more  uni- 
formly over  the  head  of  the  pile,  as  well  as  to  hold  it  in  position  during  driving. 

(30)  The  specification  relating  to  the  penetration  of  a  pile  should  be  adapted  to  the  soil  which 
the  pile  is  to  penetrate. 

(31)  It  is  far  more  important  that  a  proper  length  of  pile  should  be  put  in  place  without 
injury  than  that  its  penetration  should  l>e  a  specified  distance  under  a  given  blow,  or  series  of 
blows. 
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Railroad  Heart  Grade. 

This  grade  includes  white,  bair,  and  post  oak,  longleaf  pine,  Douglas  fir,  tamarack*  Eastern 
land  red  cedar,  chestnut,  Western  cedar,  redwood  and  cypress. 

r.   Pilc^  shall  be  cut  from  sound  trees:  shall  be  close  grained  and  solid,  free  from  defects*  such 

'[•;  ring  shakes,  large  and  unsound  or  loose  knots,  decay  or  other  defects,  which  may 

impair  their  strength  or  durability*     In  Eastern  red  or  white  cedar  a  small  amount  of 

Mfi  rui  at  the  butt,  which  docs  not  maicrially  injure  the  strength  of  the  pile,  will  l>e  allowed. 

3.   Piles  must  tie  butt  cut  above  the  ground  swell  and  have  a  uniform  taper  from  butt  to  tip. 

,;  V 1:  „,^i|  j,^3f  b^j  allowed.     A  line  drawn  from  the  center  of  the  butt  to  the  center  of  the 

Uin  the  body  of  the  pile, 

utherwise  allowed,  piles  must  be  cut  when  sap  is  down.     Piles  must  be  peeled  soon 
'  cutting.     All  knots  shall  be  trimmed  close  to  the  body  of  the  pile. 

5.   For  round  piles  the  minimum  diameter  at  the  tip  shall  be  nine  (9)  in.  for  lengths  not 

rhirty  (jo)  ft.;  eight  (8)  in.  for  lengths  over  thirty  (30)  ft.  but  not  exceeding  fifty  (50) 

en  (7^  m.  for  leinfths  over  fifty  (50)  ft.     The  minimum  diameter  at  one-cjuarter  of  the 

f  12)  in.  and  the  maximum  diameter  at  the  butt  twenty  (20)  in. 

u  nn  width  of  any  side  of  the  tip  shall  be  nine  (9)  in,  for  lengths 

■  v.,  .  .^mL  (8)  in.  fur  lengths  over  thirty  (30)  ft.  but  not  exceeding  fifty 

for  lengths  over  fifty  (50)  ft.     The  minimum  width  of  any  side  at  one- 

11  the  butt  shall  be  twelve  (12)  in. 

1  il!    h   w  at  least  eighty  (80)  per  cent  heart  on  each  side  at  any  cross-section 

i>>u\u\  [nka  shall  show  at  least  ten  and  one-hali  (10})  in.  diameter  of  heart 

Railroad  Falsework  Grade. 

This  grade  includes  red  and  all  other  oaks  not  included  in  R.  R,  Heart  grade,  sycamore, 
!^!;lck  and  tupelo  gum,  maple,  elm,  hickory,  Nor>*'ay  pine,  or  any  sound  limber  that  will 
itig, 
'  requirements  for  size  of  tip  and  butt*  taper  and  lateral  curvature  arc  the  same  as  for 

10,   I  rwise  specified  piles  need  not  be  peeled. 

^I.  N  re  specified  as  to  the  diameter  or  proportion  of  heart. 

^fa.   r  meet  the  requirements  of  R.  R.  Heart  grade  except  the  proportion  of  heart 

HBrd  v^  ->ed  as  R.  R.  Falsework  grade. 

GUARD  RAILS  AND  GUARD  TIMBERS.— In  1912  the  American  Railway  Engineering 
^^■^^^Mdc  an  investigation  of  the  use  of  guard  rails  and  guard  timlicrs  for  timber  trestles 
^^^^^^Hq  adopted  the  following  report  based  on  replies  from  61  railroads, 

T.  Tt  is  recommended  as  good  practice  to  use  guard  timbers  on  all  open-floor  bridges,  and 
tie  ihall  l>e  5«^  constructed  as  to  pro|K*rly  space  the  ties  and  hold  them  securely  in  their  places. 
2.  It  is  rt>DQmmcndcd  as  g<xid  practice  to  use  guard  rails  to  extend  beyond  the  end  of  the 
idfics  for  such  a  distance  as  required  by  local  conditions,  but  that  this  length  in  any  case  be  not 
^Biifi  fifty  feet:  that  guard  rails  be  fully  spiked  to  ever>  tie  and  spliced  at  every  joint,  the  guanj 
^B  be  9ome  form  of  metal  v;uard  rail. 

^**    ^^  '-  r< ,  ..,TMiii  fi.i.xi  that  the  guard  timber  and  gniard  rail  be  so  spaced  in  reference  to  the 
;  truck  will  strike  the  guard  rail  without  striking  the  guard  timber, 
guard  rail  to  be  not  over  one  inch  less  in  height  than  the  running  (track) 

TT>f  RER  TRESTLES, — The  details  of  the  design  of  timber  trestles  depends  upon  the  loading, 
irf  the  floor  system,  the  available  timber  and  up*3n  the  designer.     The  length  of  panels 
0»  I  rum  12  ft-  to  16  ft-,  with  14  ft,  as  a  fair  average  panel  length. 

Ufue  Trestles. — The  details  of  the  standard  pile  trestle  with  open  floor  of  the  N.  Y.,  N.  H.  & 
O^^Lpiv  given  fn  Fig.  I,  The  number  and  arrangement  of  the  piles  in  the  bents  are  shown* 
BH^^*^  '2  ft.  center  to  center.  The  stringers  are  24  ft.  long  and  are  placed  to  span  two 
aeli  and  to  break  joints.  The  tops  of  the  caps  are  covered  with  No,  20  flat  galvanized  iron  to 
Dfed  the  trrsat*  from  fire.  The  detail!^  of  washers,  packing  blocks,  drift  bolts,  etc.,  are  shown 
i  tltepbofu 


LlL 


*  AdoptH.  Aju.  Ry.  Eng.  Assoc.,  Vol.  10,  1909. 
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»vvv«y  with  h^t^ht  ^b§ot. 


to  f//^9¥  i*d  "m  t^ch  j^icf. 

Fig.  3.    Plans  of  Timber  Frame  Trestle.    Illinois  Central  Railroad. 
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Fig.  6.    Iron  Dstajls  for  150  ft.  Spak,  How^  Truss  Spam, 
C.  M*  a^  P.  S.  Ry, 
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2?  r?i*H  _ 


Pddhq  Washer  for  Bottom  Chord  E^^-f^W 
tfat^i^Kastlrm  W^^^J^:^^ 
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Frame  Trestles. — ^The  details  of  the  standard  frame  trestle  with  open  floor  of  the  N. 
N.  H.  &  H.  R.  R.  are  given  in  Fig.  2.  The  bents  are  spaced  12  ft.  center  to  center.  The  1 
system  is  the  same  as  for  pile  trestles.  The  frame  trestle  may  be  supported  on  a  pile  foundat 
upon  timber  sub-sills  (mudsills)  or  on  concrete  pedestals.  Timber  sub-sills  soon  decay 
should  be  used  only  for  temporary  trestles.     Other  data  and  details  are  shown  on  the  plaos 

The  plans  of  a  standard  frame  trestle  designed  and  built  by  the  Illinpis  Central  Railnnd 
given  in  Fig.  3.  The  bents  are  spaced  14  ft.  centers,  while  the  stringers  are  28  ft.  long  and  0 
two  panels.  The  details  of  the  track  and  the  guard  rails  are  not  shown.  A  complete  bi 
timber  and  iron  for  one  bent  and  one  panel  of  the  floor  are  given  in  Fig.  3.  The  standard  k 
trestle  may  be  carried  on  mudsills  (sub-sills)  as  shown  in  Fig.  3,  or  on  piles  or  concrete  peds 
as  shown  in  Fig.  2. 

Detail  plans  of  a  pile  trestle  with  ballasted  deck  are  given  in  Fig.  4. 

TIMBER  HOWE  TRUSSES.— Plans  of  a  standard  150  ft.  span  Howe  truss  designed 
erected  by  the  C.  M.  &  P.  S.  Ry.  are  shown  in  Fig.  5,  Fig.  6,  and  Fig.  7.  This  bridge  was  deaf 
for  Cooper's  E  55  Loading,  with  the  allowable  unit  stresses  as  given  in  the  American  Rafl 
Engineering  Association  Specifications  for  Timber  Bridges  and  Trestles.  The  bill  of  lamb 
given  in  Table  I;  the  bill  of  castings  and  bolts  is  given  in  Table  II;  the  bill  of  upset  vertical 
is  given  in  Table  III,  and  the  bill  of  lateral  rods  is  given  in  Table  IV.  The  following  addid 
specifications  were  given  on  the  plans. 

TABLE  I. 

Bill  of  Timber  for  One  150  ft.  Howe  Truss  Span. 


No.  of 
Pes. 

Z 

sue,  1^. 

Length.  Ft.^Ia. 

No,  of 

Si3K«  In. 

Lenfth*  Ft.-Iit. 

l^jMytiaiL 

10  X  14 

u      it     *( 

li^ 

Top  Chord. 

B 

3X8 

38"ll 

Diag.  FoA 

Z 

18-ji 

It         i* 

z 

12  X  14 

22-0 

PoruL 

Z 

li     (1     Mt 

H-oi 

U              it 

4 

6  X  12 

14-0 

14 

z 

11      it     a 

29-ioi 

ii             ti 

2 

8X  10 

9-^ 

Bott,  UtcR 

2 

*'     "     " 

35-7i 

tt              ti 

z 

il     At     Ii 

8-7 

ti                    i 

2 

U      I*      u 

41-5 

ii             if 

1 

if      It      ii 

18-0 

fi                       M 

li 

tt   if    t* 

4^3 

(1              tt 

2 

ii      Ii      It 

17-9 

Ii               if 

2 

U      If       II 

47"2i 

fl                 il 

4 

il      ti      Ii 

8-8 

ti              ft 

Z 

(1     *«     k> 

5^-1 li 

H                fl 

2 

8X  B 

»7-4 

i(                ** 

t6 

4X14 

tt      if      *i 

2-4* 

a          ti 

2 

If     ii     f( 

8-1 

ii               '• 

12 

2-g 

n           u 

2 

8^ 

t(                " 

4 

fi     14     it 

s-ii 

Ii                        14 

4 

6XS 

17-0 

tt.               it 

IJZ 

3  X  H 

r-0 

'*           ** 

8 

fl   If   if 

8-s          1 

ti               u 

4 

10  X  iS 

iC^-Ji 

Bott.  Chord. 

4 

6X6 

8-s 

tl               II 

4 

L{         It         1$ 

31-ioi 

It          ji 

2 

17-1 

l<                   M 

2 

ii         If         It 

43-42 

i[          41 

t 

f^       it      if 

17-8 

it               » 

1 

If         if         II 

54-11 I 

ii                  tl 
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tE       11       fl 
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tt               ** 
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U       Ii       tl 

?'Si 

(1                  ti 

14 

Il       it       ti 

8-10 

Top  Utcni 
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it       it      If       1 

6^Sl 

it                  if 

6 

tt       fl       fl 

17-1 1 

fi         ** 

4 

*t     i*     «l 

83-J 

Ii                  if 

4 

ti       Ii       fl 

9-2 

fi         *« 

8 

4  X  18 

2-4i 

4t                   il 

■J 

ii       ti       tl 

9-5 

Ii              " 

8 

2-8 

If                   tl 

2 

Ii       11       1:1 

iS-6 

i(              it 

16 

10  X  10 

7-0 

Corbels, 

2 

(*      ti       1* 

9-3 

it              it 

IZ 

12  X  16 

i8-3i 

Dtap.  Posta. 

2 

ti      it      fl 

18-3 

tt              *t 

a 

14  X  16 

Ii    1* 

i,t          il 

I 

fi      ti      ft 

ig-i 

Ii              «' 

n 

14  X  14 

M         II 

it              if 

56 

12  X22 

22-0 

Floorbeam 

8 

12  X    14 

ii       tl 

*4                     il 

4 

8  K  12 

n-2i 

Smng^n- 

8 

12  X    12 

iS-sl 

a            ti 

42 

Ii   Ii   ^1 

17-3^ 

il 

z 

10  X  12 

it     (1 

It             if 

4 

il     f<     a 

n-7t 

Ii 

8 
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it      fl 

It             it 

4 

it       fL       f« 

17-Si 

ft 

8 

8  X  10 

ij       tl. 

it               If 

M4 
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Tics. 
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8  X  fi 
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21 

6X  8 

4X  n 

16-0 
16-0 

Guard  R* 

It        ♦* 

L 

^ngttis  giv 

en  for  Top  an 

d  Bottom  Latcra 

Is  are  1 

onger  than 

finished  lengl 

:hs. 

BILL  OF  CASTINGS  AND  BOLTS  FOR  HOWE  TRUSS  BRIDGE. 


289 


TABLE  n. 
BtLL  or  Castings,  Bolts,  etc*  for  One  150  ft.  Howe  Tkuss  Span. 


If 


DetchplioQ. 


An^l 


h  Blocks 


Lateral  Angle  Blocks 


CUmp  Blocki 

%,  mm   t  m   •  *  m 


Waahers  for  Lateral  Rods.. 


0.  G.  Wa*her»  for  li 

•4                    4i 

**      t 

il                 *t 

U                    tt 

11     . 

tt                    II 

**      1 

•4                  «• 

"      |i 

•«                    4t 

"      1 

M                  l< 

**     I 

BullE 


I*  I*  t«         T     4*  «i 

U  41  41  i      it  41 

Slot  Wa»hen  for  i  in.  Bolts, . 

44  l«  "I      **  ** 

44  14  **      f      **  ^* 

6  in.  X  4  in.  X  1  in.  X  38  h- 

ji  in.  Guard  Anj^Ic* 

6  m-  X  4  »n.  X  i  in.  X 

30  ft -7}  in.  Guard  Anglca. 
Packing  Washers 


Bearing  Channelj) 


Anfilc  Blocks, ,...., , 

Dowels  I  in.  X  o  fi.-ii  in. 
iteel 


Mark. 


B3189 
B3190 
B3191 
B3192 
B3202 

63193 
B3193A 

B3194 

B1395 

B3196 

B3090 

B3090A 

B3091R 

B3091RA 

B3091L 

B309iL^\ 

B3»99 
B3197 
B3198 
B3198A 


G, 

B3.5. 

P 

Pt 
C, 

w 

BP 
BCi 
BCi 
B3190A 


No.  of 


18 
176 

^75 
225 

115 
24 

H 
S6 

3^ 

8 

142 

H 
60 
16 
56 

72 

4 
g 
8 

48 

8 

8 

16 

64 

64 
100 

4 


Deaciiption. 


Dowels  I  in.  X  o  ft.-g  in. 
Dowels  I  In.  X  o  ft.-3  in., 

Spikes  9  in.  X  I  in 

in.  X  I 


8 


1 A  in.  X  i  in 

Drift  Bolts  }  in.  X  I  ft.  8  in. 
Bolts  I  in.  X  I  ft.-ii}  in. 

Sq.  H  &  N  2}  in,  thd.  .. 
Bolts  I  in.  X  I  ft -7J  in. 

Sq.  H  &  N  2j  in.  thd 

Bolts  J  in.  X  5  ft.-61  in. 

Sq.  H  &N  ij  in.  thd 

Bolts  1  in.  X  4  ft.-4J  in. 

Sq.  H  &  N  2 J  in.  thd 

Bolts  i  in.  X  4  ft.-|  in, 

Sq.  H  &  N  2i  in.  thd..... 
Bolts  J  in.  X  3  ft.'Sj  in. 

Sq.  H  &  N  2j  in.  thd 

Bolta  i  in.  X  3  ft.-^J  in. 

Sq.  H  &  N  2l  in.  ihd 

Bolls  i  in.  X  3  ft. -4  in. 

Sq.  H  &  N  2}  in.  thd..,  ,. 
Bolts  i  in.  X  I  ft.-9J  in. 

Sq.  H  «^  N  2}  in.  did...  .. 
Bolts  J  in.  X  2  ft -3  J  in. 

Sq,  H  &N  2}  in.  thd 

Bolts  J  in.  X  2  ft.-3J  in. 

Sq.  H  &  N  2j  in.  thd 

Bolls  J  in.  X  2  fi.-4J  in, 

Sq.  H&N  2I  in.  thd 

Bohs  J  in.  X  2  ft.-6i  in. 

Sq.  H  &  N  2j  in.  thd..... 
Bolts  I  in.  X  2  fi.-ioj  in. 

Sq.  H«cN  2j  in.  thd 

Bolts  J  in.  X  3  ft.-2j  in. 

Sq.  H&N  2i  in.  thd 

Bolts  J  in.  X  3  ft.-sJ  in. 

Sq.  H&  N  2j  in.  thd..... 
Bolls  I  in.  X  4  ft.-ii  in. 

Sq.  H&N  2}  in.  thd... 


Bolts  J  in.  X  4  ft.-3l  in. 

Sq.  H&NiJ  in.  thd... 
Bolts  }  in.  X  4  ft.-4i  in. 

Sq.  H&N21  in.  ihd... 
Bolts  }  in.  X  I  ft.-jj  in. 

Sq,  H  &N  2  J  in.  thd... 

Recess  Washers 

Special  Bolts  i  in.  X  I  ft. 
Lateral  .\nj?le  Blocks.  . . . . 
Angle  Blocks. ......... 


Marie. 


i 


4 


B319SA 

B3I92.^ 


iliki 


mmi 
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" Outer  6  in.  X  8  in.  Guard  Rails  are  notched  for  ties,  spiked  to  each  tie  with  one  9  in.  X  {k 
spikes.  Each  tie  to  be  spiked  to  stringers  with  }  in.  X  14  in.  spikes.  Stringm  dxift-bolted  to ; 
fioorbeams  with  1  in.  X  18  in.  drift  bolts.  All  1  in.,  {  in.  and  i  in.  bolts  to  be  provided  with  ok 
O.  G.  and  one  slot  washer.  All  contacts  of  wood  and  wood  to  be  painted  with  white  lead.  CnU 
to  be  creosoted.  All  holes  bored  in  chord  sticks  to  be  creosoted.  Inner  4  in.  X  8  in.  Gnni 
Rails  bolted  at  center  and  ends  of  each  piece,  spiked  to  each  tie  not  bolted,  with  one  8  in.  X  |k 
spike  and  spliced.  The  6  in.  X  4  in.  X  i  in.  guard  rail  is  bolted  at  ends  and  at  intervak  of  aot 
over  3  ties  with  f  in.  special  bolts.     Leave  }  in.  opening  between  ends  oi  Guard  Rail  angia.'' 

The  detail  plans  of  a  timber  Howe  truss  railway  bridge  with  an  80  ft.  span  are  given  mFig.1 
and  Fig.  9.  This  bridge  was  designed  for  Cooper's  E  55  loading  for  the  allowable  stresses  giva 
in  the  specifications  of  the  American  Railway  Engineering  Association.  The  detaila  and  a  bfl 
of  materials  are  given  on  the  plans. 


TABLE  III. 
Bill  of  Upset  Vertical  Rods  for  One  150  ft. 
Howe  Truss  Span. 


TABLE  IV. 
Bill  of  Lateral  Rods  for  One  151 
FT.  Howe  Truss  Span. 


No.of  i^. 


II 
12 
12 
16 

40 


Laiath.  Ft.-Isi. 


30-ioi 

30-10 
30-  B 
30-  gj 

30-  61 


Section 

^*A" 
DiamM  In, 


ii 

3 


DUunrter  of  Up«Eti« 


In. 


3i 

2} 

2i 


Ry.  Eng. 
&M.  of 
W,.  In. 


Diameter  of  Upset  *^V*  based  on  number  of  threads  per 
inch. 

Xjengih  of  upsets  "M"  to  be  m  accord  with  shop  stand- 
ards. 


No.  of  Po- 


Len^, 


22--9J 

13-4 
^-5 
14-4! 

24-31 
23-21 
23-1I 

23-iJ 

22-Si 


Diameter^ 

Rod  **A/' 


^1 
at 
1} 
il 
11 

11 


TtkRHl 

"T."  It 


HIGHWAY  TIMBER  TRESTLES  AND  BRIDGES.— Details  of  a  highway  crossing  d 
the  Illinois  Central  Railroad  are  given  in  Fig.  10  and  Fig.  11. 

A  combination  timber  and  iron  bridge  is  shown  in  Fig.  12;  while  a  short  span  timber  highway 
bridge  is  given  in  Fig.  13. 

For  additional  details  of  timber  highway  bridges,  see  the  author's  **  The  Design  of  Higb- 
way  Bridges." 

SPECIFICATIONS  FOR  WORKMANSHIP  FOR  PILE  AND  FRAME  TRESTLES  TO 
BE   BUILT   UNDER  CONTRACT.* 

I    Site, — The  trestle  to  be  built  under  these  specifications  is  located  on  the  line  of •• 

Railroad  at    County  of   State « 

2.  General  Description, — ^The  work  to  be  done  under  these  specifications  covers  the  drivingj 

framing  and  erection  of  a track  wooden  trestle  about ft.  long  and 

an  average  of ft.  high. 

General  Clauses. 

3.  The  contractor  shall  furnish  all  necessary  labor,  tools,  machinery,  supplies,  temporary 
staging  and  outfit  required.  He  shall  build  the  complete  trestle  ready  for  the  track  ra»s..i°* 
workmanlike  manner,  in  strict  accordance  with  the  plans  and  the  true  intent  of  these  speafica- 
tions,  to  the  satisfaction  and  acceptance  of  the  engineer  of  the  railroad  company. 

4.  The  workmanship  shall  be  of  the  best  quality  in  each  class  of  work.  Details,  fastenings 
and  connections  shall  be  of  the  best  method  of  construction  in  general  use  on  first  class  work. 

*  Adopted  by  American  Railway  Engineering  Association. 
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Holes  shall  \iQ  bored  for  all  bolts.     The  depth  of  the  hole  and  the  diameter  of  the  auger 

tlfied  by  the  engineer. 

'Framing  shall  be  accurately  fitted;  no  blocking  or  shimming  will  be  allowed  in  making 
Timbers  shall  be  cut  off  with  the  saw;  no  axe  to  be  used. 

Joints  and  points  of  bearing,  for  which  no  fastening  is  shown  on  the  plans,  shall  be  fastened 
^ficd  by  the  engineer* 


rifMJfn'f^fj 


1 


I 


-A 


4^  "^  ^  is^/7:/TifSk?'3i// 

fOoefff^Y  for  itngh 


Fig*  to. 


dfffh  3  and  4 

Highway  Crossing.    Illinois  Central  Railroad. 


I    8,  Tbc  enctneer  or  his  authorized  agents  shall  have  full  power  to  cause  any  inferior  work 

be  coiirT "    '      "  *  tiken  down  or  altered,  at  the  expense  of  the  contractor.     Any  matmal 

iitK>)*p<I  for  on  account  of  inferior  workmanship  or  carelessness  of  his  men  is  to 

n  rnr  ill  his  own  expense. 
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9.  Fig^ures  shown  on  the  plans  shall  Kovem  in  preference  to  scale  measurements;  if 
discrepancies  should  arise  or  irregularities  be  discovered  in  the  plans,  the  contractor  shall 
on  the  engineer  for  instructions.  These  si^ecifications  and  the  plans  are  intended  to  co-opa 
and  if  any  question  arises  as  to  the  proper  interpretation  of  the  plans  or  spedfications,  it  slia 
referred  to  the  engineer  for  a  ruling. 


¥ 


SJ 


DefaifafMnf'R' 


-ts^"  t 


Detail  of  Han^r. 
£a5fIron-Z-Reqy» 


Defalt  of ^mf 'A' 

Bevel  Waiher-Casf  Inn.^ 
12-Req'dl. 

r -ii'-e'- -I 


Mey^rikhfkim^ 


5enf  Plate  /2if'/'/0''/onq.      Up5eteactfenclofn)dto?''dliamefer. 
Z'Reqht  Leryttfofupsetd.  Thread  ^H 

Fig.  II.     Details  of  Highway  Crossing.     Illinois  Central  Railroad. 

10.  The  contractor  shall,  when  required  by  the  engineer  furnish  a  satisfactory  watchmai 
guard  the  work. 

1 1 .  On  the  completion  of  the  work,  all  refuse  material  and  rubbish  that  may  have  accu 
latcd  on  top  or  under  and  near  the  trestle,  by  reason  of  its  construction,  shall  bnc  removed  by 
contractor. 
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Detail  Specifications, 


12,  Pilcs,^Piles  shall  be  carefully  st4ected  to  suit  the  place  ant!  ground  where  they  art  t» 
be  driven.  When  required  by  thL'  engineer,  pile  butts  shall  be  banded  with  iron  or  sice!  w 
driving,  and  the  tips  with  suitable  iron  or  steel  shoes;  such  shoes  will  be  furnished  by  the  u^km 
company. 

13.— 'Piles  shall  be  driven  to  a  firm  bearing,  satisfactory  to  the  engineer,  or  until  five  bkrii 
of  a  hammer  weighing  3,000  Ib-^  falling  15  feet  (or  a  hammer  and  fall  prtKiudng  the  same  owchifl' 
ical  effect),  are  re<iuired  to  cause  an  average  penetration  of  one- half  (j)  in.  per  blow*  except  i" 
soft  bottom^  where  special  instructions  will  be  given, 

14. — Batter  piles  shall  be  driven  to  the  inclination  shown  by  the  pkni*  and  shall  requifebfl* 
slight  bending  before  framing. 

15.— Butts  of  all  piles  in  a  bent  shall  be  sawed  off  to  one  plane  and  trimm^  so  as  not  to 
leave  any  horizontal  projection  outside  of  the  cap. 

r 6. —Piles  injured  in  driving,  or  driven  out  of  place,  shall  either  be  pulled  out  or  cirt  Wi 
and  replaced  by  new  piles. 

17.  Caps,— -Cap?i  shall  be  sized  over  the  piles  or  posts  to  a  uniform  thickness  and  even  beari«| 
on  piles  or  posts.     The  side  with  most  sap  shaU  be  placed  downward, 

18.  Posts.='Pr>sta  shall  tx^  sawed  to  proper  length  for  their  position  (vertical  or  batter)»l» 
to  an  even  bearing  on  cap  and  silL 

ig.  Sills, — Sills  shall  lie  sized  at  the  bearing  of  posts  to  one  plane, 

20.  Sway  Braecs^— Sway  bracing  shall  be  properly  framed  and  securely  fastened  to  pila  ^ 
posts.  When  necessary  for  pile  bents,  filling  pieces  shall  be  used  between  the  braces  aad  the 
pilcs^  on  account  of  the  variation  in  size  of  piles»  and  securely  fastened  and  faeed  to  obtain  I 
tx^aring  against  all  piles. 

21,  I^agitudiiial  Braces* — ^Longitudinal  X-braces  shall  be  properiy  fmmed  and  aemm 
fastened  to  piles  or  posts. 
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I* — Girts  shall  be  properly  framed  and  securely  fastened  to  caps,  sub-sUls,  poets  or 
^lans  may  require. 

igcrs, — Stringers  shall  be  sized  to  a  uniform  height  at  supports.  The  edges  with 
tl  be  placed  downward. 

Stringers* — Jack  stringers^  if  required  on  the  plans,  sliall  be  neatly  framed  on 
ir  tops  shall  be  in  the  s;ime  plane  as  the  track  scfingcrs. 

, —  ries  shall  be  framed  to  a  uniform  thickness  over  bearings,  and  shall  be  placed 
^h  side  upward.  They  shall  be  sj>aced  regularly,  cut  to  even  length  and  line,  as 
the  plans. 

'd  RJails. — Timber  guard  rails  shall  be  framed  as  called  for  on  the  plans,  laid  to  line 
irm  lop  surface.     They  shall  be  firmly  fastened  to  the  ties  aa  required. 
lieftds. — Bulkheads  shall  be  of  sufficient  dimensions  to  keep  the  embankment  clear 
(Cringers  and  ties,  at  the  end  bents  of  the  trestle.     There  shall  be  a  space  not  less 

in.  between  the  back  of  end  bent  and  the  face  of  the  bulkhead.     The  projecting 
jlkhead  shall  be  sawed  olT  to  conform  to  the  slope  of  the  embankment,  unless  other- 

!  of  Completion. — The  work  shall  be  completed  in  all  its  parts  on  or  before 

^BIb. — Payments  will  be  made  under  the  usual  regulations  of  the  railroad  company. 

Nations  for  Metal  Details  Used  is  Wooden  Bridges  and  Trestles. 

ight-iron.^ — Wrought-iron  shall  be  double-rolled,  tough,  fibrous  and  uniform  in 
t  shall  l>e  thoroughly  welded  in  rolling  and  be  ifree  from  surface  defects.  When 
imcns  of  standard  form  shall  give  an  ultimate  strength  of  at  least  50,000  lb.  per  sq. 
tion  of  18  per  cent  in  8  in,,  with  fracture  wholly  fibrous.  Specimens  shall  bend  cold, 
",  through  135  degrees,  without  sign  of  fracture,  around  a  pin  the  diameter  of  which 
ice  the  thickness  of  the  piece  tested.  When  nicked  and  bent,  the  fracture  shall  show 
t  cent  fibrous. 

1. — Steel  shall  be  made  by  the  open-hearth  process  and  shall  be  of  uniform  quality. 
in  not  more  than  0.05  per  cent  sulphur;  if  made  by  the  acid  process  it  shall  contain 
n  0.06  per  cent  phosphorus,  and  if  made  by  the  bafic  proceas  not  more  than  0.04 
Bphoriis.  When  tested  in  specimens  of  standard  form,  or  full  sized  pieces  of  the 
It  shall  have  a  dei^ired  ultimate  tensile  strength  of  60,000  lb.  per  sq.  in.  If  the 
ngth  varies  more  than  4,000  lb.  from  that  desired,  a  rctest  shall  be  made  on  the 
'hich  to  be  acceptable,  shall  be  within  5,000  lb.  of  the  desired  ultimate.     It  shall 

t  percentage  of  elongation  in  8  in.  of  —. ^^^ — r  and  shall  bend  cold  with- 
•^  *  *  uk.  tens,  strength 
degrees  flat.  The  fracture  for  tensile  tests  shall  be  silky, 
ings. — Except  where  chilletl  iron  is  specified,  castings  shall  be  made  of  tough  gray 
Iphur  not  over  o.io  per  cent.  They  shall  be  true  to  pattern,  out  of  wind  and  free 
id  excessive  shrinkage.  If  tests  are  demanded,  they  shall  be  made  on  the  ''Arbi- 
of  the  American  Society  for  Testing  Materials,  which  is  a  round  bar  1 }  in.  in  diameter 
If.  The  transverse  test  shall  be  made  on  a  supported  length  of  12  in.,  with  load  at 
i  minimum  breaking  load  so  applied  shall  be  2,900  lb.,  with  a  deflection  of  at  least 
rupture. 

u — Bolts  shall  be  of  wrought-iron  or  steel,  made  with  square  heads,  standard  size,  the 
ad  to  be  2 1  times  the  diameter  of  bolt.  The  nuts  shall  Ixr  made  square,  standard  siic, 
iuing  closely  the  thread  of  Iwlt.  Threads  shall  be  cut  according  to  U.  S.  standards, 
t  Bolts, — Drift  bolts  shall  be  of  wrought-iron  or  steel,  with  or  without  square  head, 
thout_  point,  as  may  be  called  for  on  the  plans. 

^«' — St  likes  shall  be  of  w*rought-iron  or  steel,  square  or  round,  as  called  for  on  the 
s,  when  used  for  spiking  planking,  shall  not  be  us«;d  in  lengths  more  than 
m  are  required,  wrought  or  steel  spikes  shall  be  used. 
lag  Spools  or  Separators.- — Packing  spools  or  separators  shall  be  of  cast-iron,  made 
lape  called  for  on  plans;  the  diameter  of  the  hole  shall  be  \  in.  larger  than  diameter 
►Its. 

Washers. — Cast  washers  shall  be  of  cast-iron.  The  diameter  shall  be  not  less  than 
t:    -,  .  ^  ,^i  i^^jI^.  f^jp  which  it  is  used,  and  its  thickness  equal  to  the  diameter  of  bolt; 

h.ill  be  \  in.  larger  than  the  diameter  of  the  bolt. 
j^;i    V/ashers. — Wrought  washers  shall  be  of  wrought-iron  or  steel,  the  diameter 
I  than  .ti  times  the  diameter  of  bolt  for  which  it  is  used,  and  not  less  than  1  in* 
t  shall  be  {  in.  larger  than  the  diameter  of  the  bolt. 

Tastings. — Special  casting'*  shall  be  made  true  to  pattern,  without  wind,  free  from 
|fc  tthrinkage,  size  and  shape  to  be  as  called  for  by  the  plans. 
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TIMBER  BRIDGES   AND   TRESTLES. 


Chap*  VI 


Working  Umr-STHESSEs  foe  Steuctueal  Tiubee  Expressed  in  Pounm  fee  Squui 

Inch.* 

Note. — The  working  unit-strefldes  given  in  Table  V  are  intended  for  railroad  bridges  aoi 
trestles.  For  highway  bridges  and  treaties  the^  unit-stresses  may  be  increased  twenty-fivic  (jjj 
per  ccnti  For  buildinga  andsimilar  structures,  in  which  the  timber  is  protected  from  the  weadia 
and  practically  free  from  impact,  the  unit  atressea  may  be  increased  fifty  (50)  per  cent.  Tii 
compute  the  deflection  of  a  beam  under  long-continued  loading  instead  of  that  when  the  bftdk 
fiT^i  applied,  only  hfty  per  <^nt  of  the  corresponding  modulus  of  elasticity  given  in  the  ubk« 
to  be  employed, 

TABLE  V. 

Unit  Stresses  for  Structural  Timber  Expressed  in  Pounds  pee  Square  Ikce. 
American  Railway  Engineering  Association. 


Kind  of  TLmbef . 


Douglas  fir. ... . 
I^ngleaf  pine  * . . 
Shonleaf  pine. . . 

White  pine . 

Spruce* 

Norway  pine 

Tamarack. ,,,. , 
Western  hemlock 
Redwood ....... 

Bald  cypress. ., . 
Red  cedar. ..... 

White  o*k 


fiending. 


Eattnttie 
Fiber 


H 


6100 
6soo| 
s6oo 
4400 
4800 
41QO 
4600 
5800 
5000 
4S00 
4100 
S700, 


Moduluii 
Kl&itldty, 


1100 

1300 

1 100 

900 

1000 

Boo 

900 

1 100 

900 

900 

800 


1,510,000 
1,610,000 
1,480,000 
1,130,000 

I,|10,OD0 
1,190,000 

1,1^0,000 

1,480,000 
800,000 

1,150,000 
860,000 


Sbeaiins. 


Pandlel 
to  Grain, 


Lonjsjtudi 
deJ  Shear 
In  BeamB. 


690 
720 
710 
400 
6OD 

590' 
670 
630 
300 


llOOi  K 1 50.000  S40 


170 

t8o 
170 
100 

150 
130 
i;o 
160 
80 
110 


perpen- 
dicular \ 
toGrala.' 


I'll 


Z70 
300 

180 

17Q 
250 
260 

2?Dt 


no 

120 
130 

70' 

70 

100 

100 

100 


110270  llOj 


ComprBWiom* 


Ptat^lkl  to 
Grain. 


630 
^£0 
340 
290 
370 


S 

J 


310' 
260' 

150 

180 


150 

.  ,  ,  220 
440  220 

I  I 

400  150 

I 

140  170 

470230 

i  I 
920  450 1 


3600 
3800 
3400 
3000 
3200 

26oot 

3200t 

3500 
3300 
3900 
2S00 
3SO0 


II 


1200 
1300 

IIOO 

tooo 


1100 

800 

1000 


1200 

900 
nop 

900680 
1300960 


900 
980 

830 

830 

600 

7SO 
900 

680 
830 


it. 


i3ooh 


1200(  I 

I 
iiooC  I 
1000  fr 
itoof  1 
800(1 
looof  J 

1200f  I 

900(1 

[loof  I 

900(1 
1300(1 


{'-^ 


(- 

(- 
(- 
(- 


Ml 

Si) 

6^)1 
6od) 


(-, 


A'frf^.— These  unit  stresses  arr  for  a  green  condition  of  timber  and  are  to  be  used  withou!  'wr 
creaj^irlg  the  live  load  stresses  for  i 


impacr 


REFERENCES. — For  additional  details  and  information  the  following  references  may  be 
consulted  : 

Foster's  **  A  Treatise  on  Wooden  Trestle  Bridges,'*  John  Wiley  &  Sons,  gives  data  ami 
details  of  the  design  of  timber  trestles. 

Jacoby's  '*  Structural  Details  ;  Design  of  Heav>'  Framing,"  John  Wiley  &  Sons,  gives  datt 
and  details  of  the  design  of  timber  trestles  and  timber  structures,  and  is  the  best  book  on  ti* 
bor  construction.  Evcr>'  engineer  interested  in  the  design  of  timber  structures  should  hz\t  t 
copy  of  Jacoby's  "  Structural  Details." 


*  Adopteil.  Am.  Ry.  Eng.  Assoc.,  Vol.  10.  1909. 

t  Partially  air-dr>'.  /  =  length  in  inches.  d  ■ 


N. 


least  side  in  inches. 
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CHAPTER  VIII. 

Steel  Bins. 

Bses  in  Bin  Walls. — ^The  problem  of  the  calculation  of  pressures  on  bin  walls  is  similar 
oblem  of  the  calculation  of  pressures  on  retaining  walls;  but  in  the  case  of  bin  walls  the 
is  limited  in  extent  and  the  condition  of  static  equilibrium  is  disturbed  by  drawing  the 
from  the  bottom  of  the  bin.  For  plane  bin  walls  where  the  plane  of  rupture  cuts  the 
ice  of  the  material  (shallow  bins),  the  formulas  developed  for  retaining  walls  are  directly 
e  if  friction  on  the  wall  is  considered.  The  graphic  solution  will  be  found  the  simplest 
:  direct  for  any  particular  case.  The  following  analyses  of  the  calculations  of  stresses  in 
•  been  abstracted  from  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators," 
jition. 

ESSES  IN  SHALLOW  BINS.— The  problem  of  the  calculation  of  the  pressures  on 
is  the  same  as  the  problem  of  the  calculation  of  pressures  on  retaining  walls.  The  forces 
I  bin  walls  depend  upon  the  weight,  angle  of  repose,  moisture,  etc.,  of  the  material,  which 
ble  factors,  but  are  less  variable  than  for  the  filling  of  retaining  walls. 
braic  Solution. — ^The  same  nomenclature  will  be  used  as  in  retaining  walls  except  that  P' 
Bed  to  indicate  the  pressure  obtained  by  means  of  Cain's  formulas  when  z  =  0',  N*  will 
the  normal  component  of  P\  and  N  will  indicate  the  normal  pressure  on  the  wall  when 
This  analysis  applies  to  shallow  bins,  only.  * 

r  /.     Vertical  Wall,  Surface  Level.     Angle  z  -  0'.     Fig.  i. 

P'  =  i-** : r? (I) 


\       y        cos  0'       / 


iV'   =    P'COS^'  (2) 

0'  =0 

P'  -  iw^h^^       '^^^,,  (3) 

(i  +9in«Va)' 
N'  =  i>'-cos*  (4) 


3 

T-rnif 

h  J 


^    ^ 


/ 

/ 

/ 


p 

Fig.  I. 

'  —  o,  which  corresponds  to  a  smooth  wall, 

N  =  it0.*«.tan«  (45**  -  ^/a)  (5) 

•Imllow  bm  is  one  where  the  plane  of  rupture  cuts  the  free  surface  of  the  filling. 
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STEEL  BINS. 


Chap.^ 


TABLE  L 
Constants  for  Steel  Plate  Bins,  Cask  i. 


Material. 

Degrees. 

v^ 

W 
Lb.  Pter 
Cu.Ft. 

Lb. 

Lb. 

.V 

Lb. 

Bituminous  coal 

Anthracite  coal 

Sand 

35 
27 
34 
40 

18 
16 
18 
31 

SO 
52 
90 
40 

6.I3A« 

8.73A; 

ii.SoA* 

4.02A« 

5.83A* 

i.39A| 

10.93AI 

344A* 

6.7s* 
9.77^ 
I2.72i 

4-34^ 

Ashes 

Case  2.     Vertical  Wall,  Surface  Surcharged  at  Angle  S.    Angle  s  ■■  0'.     Fig.  2. 


If 


If 


P'  -  JwA* 


cos*  0 


V  \  COS  0  •COS  <  / 


iV'  =  P'.cos0' 

a  «  0 

P'  =  iwh* ^ 

cos  0' 

iV'  =  P'-cos0'  =  ite^-A«-co8«0 

0'  =  o 

N  =  }wA«-cos«0 


N    h    ^i 


A 


*-- 


Fig.  2. 

TABLE  II. 
Constants  for  Steel  Plate  Bins,  Case  2.    5  =  0. 


^ 


Material. 


Bituminous  coal. 
Anthracite  coal.  . 

Sand 

Ashes 


0 
Degrees. 


35 
27 
34 
40 


0' 
Degrees. 


18 
16 
18 
31 


Lb.  Per 
Cu.  Ft. 


50 
52 
90 
40 


Lb. 


17.6SA* 
21.45A* 
32.50A* 
i3.7oA» 


Lb. 


i6.75A« 
20.50A* 
30.9oA« 
11.73A" 


Lb. 


16.75^ 
20.50^ 
30.90^ 
n.73^ 


Case  3,     Vertical  Wall,  Surcharge  Negative  =  d.     Angle  z  =  0'.     Fig.  3. 
o/  __  1...  L«  cos*0 


P'  =  iw'h* 


cos 


^/Z',    .    Jsin(0-f  0Osin(0  +  g)V 
'^  V  "^A  cos0'.cos«  / 

P'.ros0' 


N' 
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N^iw'h* 


0'  =  o 

cos'  4> 


/v  h, 


7~f" 


(■+A/''°*tr")' 

3 


Jti. 


^   —  aM^^nCB^   «M  as  »^  JL  aw  ^m  ^m  «te  .^ 


Fig.  3. 

TABLE  III. 
Constants  for  Steel  Plate  Bins,  Case  3.    «  = 


-0. 


se  4.     WaU  Sloping  Oulward,    ^  <  90*  +  ^'.     Surface  Level,     Fig.  4. 


P'-ite^.A* 


sin*  (e  —  ^) 


«n  W  M  fi\  cJnt  /»  Ci  4.      /sin  (0+ 00  sin ^Y 
m  (0  +(?)  sin«(?\^i  +  Vain  (0'+^)  sin  (?/ 

iV'  =  P'cos0 


Fig.  4. 
^  5.      TFo//  Sloping  Outward,    ^  <  90®  +  0'.     Surface  Surcharged,    Fig.  5. 

sin«  (^  -  0) 


P*  -  ite^.*« 


;«  <'^'  -L  /l^  cJni  a(  1  M  , /sin  (0  +  ^0  sin  (0-g)V 
m  (0  +<^)  sm«(?\^  I  +  Vsin(0'+^)8in((?-a)>' 

i^'  -   P'.COS0' 


(13) 


Material. 

Degrees. 

De^ees. 

W 
Lb.  Per 
Cu.Ft. 

Lb. 

Lb. 

N 
Lb. 

iinous  coal 

acitc  coal 

35 

34 
40 

18 
16 
18 
31 

SO 
52 
90 
40 

Vslh* 
8.00A* 
2.45A* 

5.13A' 
7.64A« 
9.6iA« 
3.23A« 

(14) 
(15) 


(16) 
(17) 
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Chap 


Case  6.     Wall  Sloping  Outward.    ^  >  90**  +  *'.    Surface  Level.    Fig.  6. 
P  -  ite^.A«-tan«(45**-*/2) 


y^J      Jl ^. 


Fig.  5. 

W  =  weight  /\ABC  ^  ite^-tan^-A« 
E  =  V'W^'T'P* 

=  iwA«Vtan*«  4-  tan*  (45**  -  0/2) 
/-   .  ox  tan  B 

^^"(^  +  '-9»°)°tan'(45°-»/^) 
0  =  £cos« 
r  =  E-sins 


Fig.  6. 

For  a  wall  sloping  outwards,  and  sloping  surface  the  use  of  formulas  is  cumbersome 
calculations  can  be  more  easily  made  by  graphic  methods  as  explained  on  succeeding  pai 

Tables  of  Pressure  on  Vertical  Bin  Walls. — The  normal  pressure  on  vertical  bin 
calculated  by  the  preceding  formulas  for  bituminous  coal,  anthracite  coal,  sand,  and  a 
given  in  Table  IV,  Table  V,  Table  VI,  and  Tabic  VII.  respectively.  In  the  tables  columr 
the  normal  pressure  for  a  smooth  vertical  wall  and  horizontal  surcharge,  while  column 
the  normal  pressure  on  a  rough  wall  with  an  angle  of  friction  =  0'.  Column  2  gives  the 
pressure  for  a  smooth  vertical  wall  and  a  surcharge  =  <^,  while  column  5  gives  the  normal 
on  a  rough  wall  with  an  angle  of  friction  =  0'.  Column  3  gives  the  normal  pressure  for  a 
vertical  wall  and  a  negative  surcharge  =  —  0,  while  column  6  gives  the  normal  presst 
rough  wall  with  an  angle  of  friction  =  <t>'.  It  will  be  seen  that  the  pressures  in  columns 
are  identical.  For  a  vertical  wall  with  5=0,  the  normal  pressures  as  given  by  Rankii 
Cain's  formulas  are  identical. 

These  tables  have  been  taken  from  the  author's  "The  Design  of  Walls,  Bins  am 
'tors."  The  tables  of  pressures  and  the  formulas  were  first  published  in  a  modifi* 
r.  R.  W.  Dull,  in  Engineering  News. 
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The  total  pressures  are  given  for  a  wall  one  foot  long  in  all  cases. 

Note. — ^These  tables  apply  to  shallow  bins  only  (bins  where  the  plane  of  rupture  cuts  the 
surface  of  the  filling).  For  the  calculation  of  the  stresses  in  deep  bins  (bins  where  the  plane 
ipture  cuts  the  side  of  the  bin)  see  Chapter  IX,  Steel  Grain  Elevators. 


TABLE  IV. 

Total  Pressure  in  Pounds  for  Depth  *'h"  for  Bituminous  Coal. 
Wall  One  Foot  Long. 


V)  - 

«50  lb..  ^  « 

35^ 

Smooth  WaU,  ^'  - 

•  0. 

Rough  WaU.  Angle  of  Friction  -  ♦'  -  i8«».      | 

I 

2 

3 

4 

5 

6 

^ei>th.  h. 

r-r^*- 

r-r^*- 

in  Feet. 

"^"Ts*" 

-f  " 

"^Tsl 

^     ^ 

h     ^_ 

h  /^ 

h 

^ 

h      ^_ 

h .  J^ 

i.X 

i-JT 

i.jr 

JlI 

. 

i.J: 

5  =  -0 

0'-O 

«-^ 

«  =  -^ 

0'  =  i8» 

«-0 

I 

6.75 

16.75 

5.83 

5.83 

16.75 

4.27 

2 

V 

67 

20.5 

23.32 

67 

17.1 

3 

60.75 

150.75 

46.2 

52.47 

150.75 

38.4 

4 

108 

268 

82 

93-4 

268 

68.3 

5 

168.75 

418.75 

128 

145-7 

418.75 

107 

6 

243 

603 

184.5 

209.4 

603 

156 

7 

333 

821 

257 

286 

821 

209 

8 

432 

1,072 

328 

373 

1,072 

273 

9 

547 

1,357 

415 

472 

1,357 

346 

lO 

675 

1,675 

513 

583 

1,675 

427 

II 

817 

2,027 

615 

705 

2,027 

516 

12 

972 

2,412 

738 

840 

2,412 

615 

13 

1,141 

2,831 

866 

985 

2,831 

722 

14 

1,323 

3,283 

1,005 

1,143 

3,283 

838 

15 

1,519 

3,769 

1,152 

1,312 

3,769 

960 

i6 

1,728 

4,288 

1,311 

1,492 

4,288 

1,093 

17 

1,951 

4,841 

1,480 

1,685 

4,841 

1,232 

i8 

2,187 

5,427 

1,660 

1,889 

5^27 

1,382 

19 

2,437 

6,047 

1,852 

2,105 

6,047 

1,541 

20 

2,700 

6,700 

2,052 

2,332 

6,700 

1,708 

21 

2,977 

7.387 

2,262 

2,571 

7,387 

1,883 

22 

3,267 

8,102 

2,483 

2,821 

8,102 

2,067 

23 

3,571 

8,861 

2,560 

3,084 

8,861 

2,259 

24 

3,888 

9,648 

2,810 

3,358 

9,648 

2,460 

25 

4,219 

10^69 

3,206 

3,64* 

10,469 

2,669 

26 

4,563 

",323 

3.468 

3,941 

11,323 

2,887 

27 

4,923 

12,211 

3,740 

4,250 

12,211 

3,"3 

28 

5,292 

13,142 

4,022 

4,570 

13,142 

3,348 

29 

S,677 

14,087 

4,314 

4,903 

14,087 

3,591 

30 

6,075 

15,075 

4,617 

5,247 

15,075 

3,843 

804 


STEEL  BINS. 


Chap.VU 


TABLE  V. 

Total  Pressure  in  Pounds  for  Depth  "h"  for  Anthracitb  Coal. 
Wall  One  Foot  Long. 

w  =  52  lb.,  0  -  27^ 


Depth,  h, 
in  Feet. 

Smooth  Wall.  ♦'  - 

0. 

Rough  Wall.  An^ of  Frictkm  -^'-16^. 

I 

2 

3 

4 

5 

6 

Tf^*- 

"^Ts* 

T-r^*^ 

VTS^- 

h*^ 

h 

h  .^ 

h 

^^  ^ 

^    ^ 

i-JT 

j-JT 

iL.r 

JlJl 

xsr 

i.Jr 

«'  =  0 

«  =  0 

« -  -  0 

4>'  =  i6'» 

h'-4> 

«--♦ 

I 

975 

20.S 

7.64 

8.39 

20.S 

M 

2 

39.0 

82.0 

30.6 

33.S 

82.0 

25.5 

3 

87.8 

184.S 

68.8 

75.5 

184.S 

57.5 

4 

156 

328 

122.2 

134.2 

328 

102.0 

5 

24* 

513 

191 

210 

S13 

159.5 

6 

351 

738 

267 

302 

738 

230 

7 

624 

1,005 

374 

^^l 

1,00s 

313 

8 

1,312 

619 

536 

1,312 

402 

9 

790 

1,661 

680 

1,661 

517 

10 

975 

2,050 

764 

839 

2,050 

638 

II 

1,180 

2,481 

925 

1,014 

2,481 

773 

12 

1,405 

2,952 

1,100 

1,209 

2,952 

920 

13 

1,648 

3,465 

1,290 

1,418 

3,465 

1,080 

H 

1,910 

4,018 

1,497 

1,643 

4,018 

1,250 

15 

2,193 

4,613 

1,720 

1,887 

4,613 

M36 

16 

2,500 

5,248 

1,953 

2,145 

5,248 

1,636 

17 

2,808 

5,945 

2,207 

2,421 

5,945 

1,84s 

18 

3,160 

6,642 

2,471 

2,718 

6,642 

2,064 

19 

3.521 

7,400 

2,758 

3,030 

7,400 

2,310 

20 

3,902 

8,200 

3,053 

3,350 

8,200 

2,554 

21 

4,303 

9,041 

3,372 

3,700 

9.041 

2,820 

22 

4,7i8 

9,922 

3,701 

4,061 

9,922 

3,086 

23 

5,156 

10,845 

4,040 

4,438 

10,845 

3,371 

24 

5,611 

11,808 

4,398 

4,833 

11,808 

3,680 

25 

6,097 

12,813 

4.770 

5,24* 

12,813 

3,985 

26 

6,600 

13,858 

5,160 

5.672 

13,858 

4.521 

27 

7,112 

14,945 

5,560 

6,116 

14,945 

4,650 

28 

7,638 

16,072 

5,979 

6.578 

16,072 

5,000 

29 

8,202 

17,241 

6,421 

7,056 

17,241 

5.370 

30 

8,775 

18,450 

6,880 

7,551 

18,450 

5.742 
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TABLE  VI. 

Total  Prbssurb  in  Pounds  for  Depth  "h"  for  Sakd. 
Wall  One  Foot  Long. 

w  «  90  lb.,  0  -  34*. 


Smooth  WaU.  ^'  - 

0. 

Rough  WaU,  Angle  of  Friction 

-  ^  -  I8*. 

X 

2 

3 

4 

5 

6 

I>ei>th.  h. 

.jfi. 

r-f^^- 

in  Feet. 

-r-e^*- 

^"Ts* 

"X"  'VPffftW 

"^Ts:* 

h 

h 

h  /7 

^  ^ 

h     ^ 

h  ./^ 

jLX" 

JlJl 

i.jr 

i.jr 

i.X" 

jlJ: 

0'  =  O 

j   a   0 

«-  -0 

0'  =  I8«» 

«  =  0 

5  =  —  0 

I 

12.72 

30.9 

9.61 

10.93 

30.9 

8 

2 

50.8 

123.6 

38.4 

43.7 

123.6 

32 

3 

114.S 

278 

86.40 

98.S 

278 

72 

4 

203.7 

494 

113.8 

175 

494 

128 

5 

318 

772 

240 

273 

772 

200 

6 

^ 

1,113 

346 

394 

1,113 

288 

7 

1,515 

615 

535 

1,515 

392 

8 

81S 

1,980 

700 

1,980 

512 

9 

1,030 

2,500 

778 

885 

2,500 

648 

10 

1,272 

3,090 

961 

1,093 

3,090 

800 

II 

i,S40 

3,740 

1,162 

1,345 

3,740 

968 

12 

1,833 

4,450 

1,383 

1,575 

4,450 

1,152 

13 

2,150 

5,230 

1,624 

1,848 

5,230 

1,352 

14 

M9S 

6,060 

1,880 

2,160 

6,060 

1,568 

15 

2,862 

6,960 

2,l60 

2,460 

6,960 

1,800 

16 

3,256 

7,910 

2,460 

2,798 

7,910 

2,048 

17 

3,676 

8,930 

2,777 

3,159 

8,930 

2,312 

18 

4,121 

10,012 

3,114 

3,541 

10,012 

2,592 

19 

4,592 

11,155 

3,469 

3,946 

",155 

2,888 

30 

5,088 

12,360 

3,844 

4,372 

12,360 

3,200 

21 

5,610 

13,627 

4,238 

4,820 

13,627 

3,528 

22 

6,156 

14,956 

4,651 

5,290 

14,956 

3,872 

23 

6,729 

16,346 

5,084 

5,782 

16,346 

4,232 

24 

7,327 

17,798 

5.535 

6,296 

17,798 

4,608 

25 

7,950 

19,313 

6,006 

6,831 

19,313 

5,000 

26 

8,599 

20,889 

6,496 

7,389 

20,889 

5,408 

27 

9,273 

22,526 

7,006 

7,968 

22,526 

5,832 

28 

9,972 

24,225 

7,534 

8,569 

24,225 

6,272 

29 

10.698 

25,987 

8,082 

9,192 

25,987 

6,728 

30 

11,448 

27,810 

8,649 

9,837 

27,810 

7,200 

21 
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TABLE  VIL 

Total  Pressure  in  Pounds  for  Depth  "h"  for  Asrbs. 
Wall  One  Foot  Long. 

w  B  40  lb.,  4>  "  40®. 


Smooth  WaU.  ♦'  - 

0. 

Rough  WaU.  Ani^  of  Frictkx] 

i-*'-3iV 

Depth,  h. 

. 

2 

3 

4 

5 

6 

. 

T-f^*- 

-ff^*- 

in  Feet. 

"^"Ts* 

"^Tsj 

h     ^ 

h 

h  J^ 

h     ^ 

^      4- 

h.^ 

i--L 

i.-L^ 

i.X" 

^X 

j.jr 

>..r 

0'  =  O 

«  =  0 

«=  -^ 

0'-3i" 

«-^ 

«=-^ 

I 

4.35 

11.73 

3.23 

3.44 

11.73 

245 

2 

17.4 

47 

12.9 

13.76 

47 

9.80 

3 

39.2 

105.7 

29.01 

30.96 

105.7 

22.05 

4 

69.6 

188 

31.7 

55.04 

188 

39.M 

5 

108.7 

294 

80.8 

86 

294 

61.2 

6 

156.4 

423 

116 

124 

423 

88.2 

7 

213 

576 

158 

168 

576 

120 

8 

278 

751 

207 

220 

7Si 

157 

9 

352 

952 

261 

279 

952 

199 

10 

435 

1.173 

323 

34* 

1,173 

245 

II 

526 

1,420 

391 

416 

1,420 
1,690 

296 

12 

626 

1,690 

465 

495 

353 

13 

735 

1,985 

546 

581 

1,985 

414 

14 

852 

2,300 

634 

674 

2,300 

480 

15 

978 

2,640 

726 

774 

2,640 

550 

16 

1.113 

3,010 

828 

881 

3,010 

627 

17 

1,257 

3,400 

934 

994 

3,400 

708 

18 

1,408 

3,803 

1,045 

1,115 

3,803 

794 

19 

1,527 

4,240 

1,165 

1,242 

4,240 

884 

20 

1,740 

4,700 

1,290 

1,376 

4700 

980 

21 

1,920 

5,181 

1,423 

1,517 

5,181  . 

1,080 

22 

2,100 

5,677 

1,561 

1,665 

5,677 

1,186 

23 

2,300 

6,215 

1,706 

1,820 

6,215 

1,296 

24 

2,506 

6,756 

1,860 

1,981 

6,756 

1,411 

25 

2,720 

7,331 

2.017 

2,150 

7,331 

1,531 

26 

2,940 

7,929 

2,180 

'     2,325 

7,929 

1,656 

27 

3,165 

8,551 

2,352 

'     2,508 

8,551 

1,786 

28 

3,406 

9,196 

2,530 

2,697 

9,196 

1,921 

29 

3,660 

9,865 

2,718 

2,893 

9,86s 

2,060 

30 

3,915 

10,557 

2.910 

3,096 

10,557 

2,205 
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ISSES  IN  SHALLOW  BINS.  Graphic  Solution.— The  graphic  solution  wilJ  be  given 
teases  which  fruquutuly  iiccur  in  practice. 

tphtc  Solution.     Hopper  Bin,  Level  FuU.*— The  calculation  of  stresses  in  bins  by  means 

will  be  illustrated  by  the  following  problem  taken  from  "The  Design  of  Walls,  Bins 

[  Grain  Elevator*.'*     A  cross-section  of  the  bin  shown  in  Fig.  7  is  filled  with  coal  weighing  58 

■  cu.  ft,,  and  having  an  angle  of  repose  ^  =  t^o^.     The  total  pressure  on  the  plane  A-H  is 

,  horiiontaily  through  a  point  12  ft.  below  the  top  surface.     Now,  to  find  the  pressure  Pt 
Iplaoe  G-A>  produce  Ft  until  it  intersects  the  line  0%  =  the  weight  of  triangle  AUG  =  10,440 


Surface  of  T 
Material-* 


I k_ «_  ^  _ 


-S4e 


-Data- 


Weti^hf  afCoaf  SSf^s.  per  a/,  ft 


at  O,  auid  by  constructing  O-i  *-  Pj  -  10,860  lb.     Pf  Is  parallel  to  E  in  Fig.  7.     The  normal 
Lire  on  .4-g  is  9,900  lb.     Now  J- 1  —  9,900  Ih.  acts  through  the  center  of  gra\ity  of  triangle 
and  is  equal  to  the  area  of  /tG4  X  w.     The  normal  unit  pressure  at  A  is  733  lb,  per  aq.  ft., 
normal  unit  pressure  at  B  is  320  lb.  per  sq.  ft.     The  norma!  pressure  on  X  ^  acts  through 
Mrr  fif  gravity  of  the  shaded  area,  and  is  ^  -  7,850  lb.     Also  by  construction  E  »  8,600  lb, 
on  bottom  A-F  is  equal  to  18  X  58  =  1,044  lb.  per  sq.  ft.     The  pressure  on  the 


'Bw 


p,  -}«/.AiI^4^=.620lb. 
I  -h  sin  <^ 


Jculaticrn  of  Stresses  in  Framework.— The  loads  on  the  bin  w^alls  arc  carried  by  a  transverse 

irk  a-  ^hown  in  Fig.  8,  spaced  17  ft,  o  in.  center  to  center.     The  loads  at  the  joints  act 

let  the  pressures  as  pniviously  calculated,  and  the  loads  can  be  calculated  in  the  same 

'  OA  for  a  sample  beam  loaded  with  a  similar  loading.     The  stresses  are  calculated  by  graphic 

and  by  algebraic  moments  a*;  shown  in  Fig.  8  and  Fig,  9. 

Bin,  Top  Surface  Heaped.— The  bin  in  Fig,  to  is  heaped  at  the  angle  of  repose. 
To  cukalatc  the  pressure  on  side  A-B^  proceed  as  follows:  Locate  points  G  and  H, 
'  cakubtions  are  made  for  a  section  of  the  bin  one  foot  long. 


i 
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3SB0 


k -- 32-0"' •« 

'^  .J • 


II 


S^      WeJgrMofCact/^ibypercaft 
*^  C     >^/y»^  ^/0^^/w^  d^'30* 


Fig.  8. 


5/AW5  Dhgram 
Leff3icfe 


Alqebratc  Moments  • 
Center  of  Moments  ^  £ . 
5tres3  GO. 

60^-4330 
Stress  /"<?• 

ro^-aseo 

Center  of  Mom  en  ts^K 
St  re  J  s  6M. 

'6tix/0-3SBOx/a'7040xJO'S9700x/3.f'^0     3ca/e 
6h»' 95000  0 

Stress  6C.  •  \ i. 

'6£:Kf0't433Ox6'3Sa0x/8'704OK/O ' 

-S9700x/3.S'>0     O/:^'9/S00 

Center  of  Moments^  6, 
Stress  fO, 

'£Ox//*-t3S20xe'^O 
CO"t'2S60 
Stress  F€. 

r£x7.4'-3SaOxa-5^700x/O.S'0 

Fi'i-aeooo 

Stress  AF. 

AFx/0  'f746OOx3'S97OOx/0.5 ' 
'33aOxa'^0     AF^t430OO 


Fig.  9. 


ti' 


STRESSES   IN    SUSPENSION    BUNKERS. 

ulAte  the  horizontal  pressure  Pi  =  7,680  lb.,  acting  on  the  plane  H-K  ^i  \HK  above  //. 
Pi  was  calculated  by  the  graphic  method.     Produce  Pi  until  it  intersects  at  O  the  line 
i  o{  thtr  weight  of  the  triangle  GHK  acting  through  the  center  of  gravity  of  the  triangle. 
\  0  \sLy  oB  O-i  =  W  ^  19*900  ib.,  acting  downwards,  and  from  i  lay  off  1-2  —  Pi  —  7,680 
*,  acting  to  ibe  left*     Then  O-2  "  Pt  ^  21,300  lb.     Now   Pt  =  area  triangle  tGH'W^  and 


{•^-w. -..-j^^^f. ..._— — ,j 


f~  Sur/oc*  of /iafm'at 


**■'. 


yk^fhtofOnff  $8/i?i.perci/.  ft 


Fig,  10. 

^Sf«A  l>-B-.4-7'tP  =  1 1,340  lb.  Force  E  acts  through  the  center  of  gravity  of  area  il-B-4-7, 
urizontal  pressure  on  plane  C-B  ^  i»400  lb.  *  area  s*€*n*'W.  The  vertical  pressure  on 
hand  side  of  the  bottom  A-P  v^  7480  lb.,  acting  through  the  center  of  gravity  of  the 
l»i>ly)<on*  The  vertical  unit  pressure  at  A  is  1,412  lb,  per  sq.  ft. 
5SES  IN  SUSPENSION  BUNKERS.— The  suspension  bunker  shown  in  (o)  Fig.  f  i, 
Flcud  which  varies  from  zero  at  the  support  to  a  maximum  at  the  center.  If  the  bunker 
rfull  th<*  loading  from  the  supports  to  the  center  varies  nearly  as  the  ordinatca  to  a  straight 
ifhilc  if  the  bunker  is  surcharged  the  straight  line  assumption  for  loading  is  more  nearly 

-id.  therefore,  assume  that  the  loading  of  the  bunker  in  (a)  is  represented  by  the  tri- 
'  loading  vau-ying  from  p  «  sero  at  each  support  to  a  roaxtxnum  o(  f  »  P  at  the  center. 
/  *  ofii**half  the  span  in  feet ; 
5  *  tbi!  agin  fret: 

If  *  ibr  horizontal  com|>onent  of  the  stress  in  the  plate  in  lb.  per  lineal  foot  of  bin; 
«  Wright  of  bin  filling  in  IK  per  cu.  ft.; 


HHUl 


no 


STEEL  BINS 

T  '  maTrinmni  tension  in  i^ate  in  lb.  per  lineal  foot  of  bin; 
V  »  reaction  of  the  bunker  in  lb.  per  lineal  foot  of  bin; 
C  »  capacity  of  bunker  in  cu.  ft.  per  lineal  foot  of  bin; 
B  »  ori^  of  coordinates. 


CHAp.vml 


Fig.  II. 


Now  if  the  ri{2^ht-hand  half  of  the  bunker  be  cut  away  as  in  (6)  and  moments  be  taken  abort 
id,  the  moment  will  be 

M  =  HS  W 

If  the  bunker  be  assumed  as  an  equilibrium  polygon  drawn  by  using  a  force  polygon,  the  be«fi< 
moment  at  the  center  is  equal  to  the  pole  distance  multiplied  by  the  intercept  5.  Therefore  H 
must  be  equal  to  the  pole  distance  of  the  force  polygon. 

The  following  equations  are  deduced  in  the  author's  "The  Design  of  Walls,  Bins  and  Graii 
Elevators." 

Equation  of  the  curve  of  the  bunker 

,-.K3"-f) 

Capacity  of  bunker  level  full 

C  =  \hS  (ri 

In  calculating  P  for  any  given  bunker,  since  P  is  the  maximum  pressure  for  a  triangultf 
loading 


for  a  bunker  level  full 
also 


^  "     I 


P  =  \S'W 
„       C'W'l 


zs 


(24) 
(as) 
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K=  IC-w 

^  IS-l'W,  far  a  bin  level  full 


Uie  curve  of  a  suspension  bunker  is  given  in  Tabic  VHI. 

TABLE  VIII. 
Lbkoth  of  Oke  Half  Curve»  L, 


(27) 


Lencth.  L. 

Sag  ratio  -  SiL 

Lcflgth,  L, 

1,06378/ 

1 

1457^2/ 

1.13686/ 

I.61131/ 

1.2299a/ 

1.71906/ 

1.2^^07/ 

\ 

1.85815/ 

1.366^1/ 

The  curve  may  be  constructed  graphically  as  follows:  In  (c)  Fig,  11  it  is  required  to  pass 
Me  curve  through  the  points  A  and  B,  The  loads  I,  2,  3,  4,  etc,  are  laid  off  in  the  force  polygon 
E>,  and  a  pole  O  is  taken.  The  equilibrium  polygon  A-B'  is  then  constructed  in  (c).  Now  we 
now  from  graphic  statics  that  if  two  poles  be  taken  for  the  force  polygon  in  («/),  and  corresponding 
lum  polygons  be  drawn  through  A,  the  strings  meeting  on  the  same  load  will  intersect  on  a 
ugh  A  parallel  to  the  line  0-0\  Now  D  is  determined  by  the  intersection  of  rays  D-B' 
B,  The  true  curve  is  then  easily  constructed  and  jK>le  O*  is  located. 
the  bunker  is  surcharged  by  vertical  waifs  as  shown  in  (t)  the  curve  is  extended  until  it 
ihr  str^je  of  ihe  material,  and  the  span  and  sag  are  to  be  used  as  shown. 
>eep  Bins* — Fur  the  calculation  of  the  stresses  in  deep  bins,  see  the  calculation  of  the  stresses 
in  bins.  Chapter  IX, 

*or  methods  of  calculating  the  stresses  in  hopper  bins  with  the  lop  surface  surcharged,  and 

ulation  of  the  stresses  in  bin  bottoms  and  circular  girders,  sec  the  author's  "The  Design 

Is,  Bins  and  Grain  Elevators." 

ic  of  Repose. — The  angle  of  repose  and  the  weights  of  different  materials  are  given  in  I 
IX. 
DATA. — For  angles  of  internal  friction,  see  Table  IX,  and  for  angles  of  friction  on  bin  walls, 
Table  X. 

TABLE  IX. 

Weight  and  Angle  of  Repose  or  Coal,  Coke,  Ashes  and  Orb, 


MAtenoi, 


Kit utninous  coal 


WdKht  Lb. 
per  Cu,  Ft, 

Angle  of  RepcMC 

^  in  Dci[Tve«. 

Authority, 

50 

Link  Belt  Machinerv  Co. 

47 

Link  Belt  Engineering  Co. 

^ 

47  to  56 

Cambria  Steel. 

■ 

52 

Link  Belt  Machinery  Co, 

^M 

5*1 

Link  Belt  En^necring  Co. 

K.  A.  Mucllcnhoff. 

51 1056 

Cambria  Steel, 

Wellman-Seaver-Morgan  Co. 

51 

37l 

Gilbert  and  Barth. 

23  TO  32 

Cambria  Steel, 

40 

40 

[Jnk  Belt  Machinery  Co. 

40  to  45 

Cambria  Steel, 

35 

Wellman-Scavcr-Morpan  Co 

Mttk 


J 
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Coal,  ore,  etc.,  will  give  an  angle  of  ^  »  40°  if  the  material  is  dry,  but  if  the  material  111 
the  angle  of  repose  may  be  increased  to  nearly  90°. 

Angle  of  Friction  on  Bin  Walls. — ^The  values  in  Table  X  may  be  used  in  the  absence  of  m 
accurate  data. 

TABLE  X. 

Angle  of  Friction  of  Different  Materials  on  Bin  Walls. 


Material. 


Sted  Plate. 
^' in  Degrees. 


Wood  Cribbed. 
^' in  Degrees. 


Concrete. 
^'inDegreei. 


Bituminous  coal. 
Anthracite  coal . . 

Ashes 

Coke 

Sand 


18 
16 
31 
25 
18 


35 
*S 
40 
40 
30 


35 
27 
40 
40 
30 


Fafff/5  Z/-^"' 


lypkctf^Secfhn  fhroufh  fhckets. 


I 
I 
I 
t 
f 
I 
• 
% 
I 


Fig.  12.    Coke  and  Stone  Bins,  Lackawanna  Steel  Co. 


Self-cleaning  Hoppers. — In  order  to  have  hoppers  self -cleaning  when  the  material  is  xdM 
it  is  necessary  to  have  the  hopper  bottoms  slope  at  an  angle  considerably  in  excess  of  the  angle  » 
repose  ^  or  angle  of  friction  ^'. 
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Ore  pockets  on  the  Great  Lakes  arc  made  with  hopper  bottoms  at  an  angle  of  48*  40'  to 
>*  45',  but  the  majority  are  at  an  angle  of  49*^  45'.  Bituminous  coal  will  slide  down  a  steel 
iote  at  an  angle  of  40**  and  a  wooden  chute  at  an  angle  of  45".  Anthracite  coal  will  slide  down  a 
liute  at  an  angle  of  30*^  and  down  a  wooden  chute  at  an  angle  of  35^. 


13.    Elevation  Circular  Steel  Ore  Bin  for  Old  Doaiinion  Copper  Mjking  Co. 


DESIGN  OF  BINS. — Bins  are  usually  subjected  to  sudden  loads  and  vibrations  and  should 
designed  for  two-thirds  the  allowable  unit  stresses  for  dead  loads  given  in  ({  33  to  41,  inclusive, 
"Specifications  for  Steel  Frame  Buildings/'  Chapter  I. 

Bins  arc  made  of  timber,  of  structural  steel,  or  of  concrete,  or  the  different  materials  may 
,  used  m  combination. 

KT  PLATES, — ^The  analysis  of  the  stresses  in  flat  plates  supported  or  fixed  at  their  edgesi 

difficult.     The  following  formulas  by  Grashof  may  be  used:  The  coefficient  of  lateral 

Dn  is  taken  as  }.     For  a  full  discussion  of  these  formulas  based  on  Grashof *s  "Thcorie 

It  und  Festigkcit"  see  Lanza's  Applied  Mechanics. 

Omihr  ^€iU  of  radius  r  and  thickness  t,  supported  around  ih  ptrimeier  and  haded  mth  w 


diMMH 


3U 
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CHi 


per  square  inch. — ^Let  /  «  maximum  fiber  stress,  v  «  maximum  deflection,  and  £  «  mc 
elasticity, 

-^  "  128    fi 

189  tP'f* 
"  "  256  £•/• 

--/^  I 


y// 


Fig.  14.    DETAILS' FOR  Circular  Bins  for  Old  Dominion  Copper  Mining  C 


2.  Circular  plate  built  in  or  fixed  at  the  perimeter. 

45  w  .£* 
-^       64    /« 

=  45  tp-^ 
*'       256  £./» 

3.  Rectangular  plate  of  length  a   breadth  b,  and  thickness  t,  built  in  or  fixed  at  the  id 
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uniform  load  w  per  square  inch. — Let  fa  be  the  unit  stress  parallel  to  a,  ^  be  the  unit 
dlel  to  b,  and  a  >  h. 


[  square  plate  a  ^  b, 


2(a*  +  b^)P  '       -"      3{a*  ^  i^)r* 
'       4/" 


itrefi^h  of  plates  simpty  supported  on  the  edges  is  about  }  the  strength  of  plates  fixed. 
hcted  or  boked  around  the  edges  may  be  considered  as  fixed. 

I  diagram  giving  the  safe  loads  on  flat  plates,  dee  the  author's  *'  The  Design  of  Walls^ 
Grain  Elevators,**  also  see  Part  IL 

fte  Plates. --Buckle  plates  are  made  by  "dishing**  flat  plates  as  in  Table  59,  Fart  IL 
li  of  the  buckle  W,  or  length  L.  varies  from  2  ft.  6  in,  to  5  ft.  6  in.  The  buckles  may  be 
th  the  greater  dimension  in  either  direction  of  the  plate.     Several  buckles  may  be  put 


64£:-/» 


ta5) 

(34) 
(35) 


i-— 


» 


Banker  PtM  ft- 

'    m 


/  Sroft&fffhk 
m're 


'6af^C0rr.5teet*2O 


I 


Fig-  15. 


Coal  Bukkbrs,  Rapid  Transit  Subway,  New  York,  N.  Y. 


itc,  all  of  which  must  lie  the  same  sijce  and  symmetrically  placed.  Buckle  plates  are 
►,  fg  in.,  I  in.  and  A  in.  in  thickness*  Buckle  plates  should  be  firmly  bolted  or  riveted 
p  r>(lgr«  »ith  a  maximum  spacing  of  6  in.,  and  should  be  supported  transversely  between 
9L  The  prtjcefls  fif  buckling  distorts  the  plate  and  an  extra  width  should  be  ordered  and 
pbould  be  trimmed  after  the  process  is  complete. 


ik  "ifciiirrti 


316 


STEEL   BINS. 


Chai 


Strength  of  Buckle  Plates, — The  safe  load  for  a  buckle  plate  with  buckles  placed  up,  Is  a 
mately  ^ven  by  the  formula 

where  W  »  total  safe  uniform  load  in  lb.  per  inch  of  width  of  plate; 
/  «=  safe  unit  stress  in  lb.  per  sq.  in. ; 
R  =  depth  of  buckle  in  in.; 
/  B  thickness  of  plate  in  in. 
Where  buckle  plates  are  riveted  and  the  buckle  placed  down  the  safe  load  is  from  3  to  ^ 
that  given  above. 

TYPES  OF  BINS. — ^The  most  common  types  are  (i)  the  suspension  bunker,  (2)  the : 
bin,  and  (3)  the  circular  bin. 

Suspension  Bunkers. — Suspension  bunkers  are  made  by  suspending  a  steel  framewor 
two  side  members,  the  weight  of  the  filling  causing  the  sides  to  assume  the  curve  of  an  equil 
polygon.  The  stresses  in  the  plates  of  a  true  suspension  bunker  are  pure  tensile  stresses, 
suspension  bunkers  are  commonly  lined  with  a  concrete  lining  about  li  to  3)  in.  thick,  rcii 
with  wire  fabric,  to  protect  the  metal  of  the  bin. 


^4i 


±_ 


Momtor-i. 


S  days  015' OUS'O' 

-It 


I 


-•] 


Siigijt 


,  ,.,  I      Plan  "^  ^  ^^ 

^ ^Jtlj.^ 


l-SaM^em^^i^i 


^levalion 
Fig.  16.    Coal  Bunkers,  Rapid  Transit  Subway,  New  York,  N.  Y. 

Hopper  Bins. — Hopper  bins  may  be  made  of  timber,  steel,  or  reinforced  concrete,  i 
coke  and  stone  bin,  erected  by  the  Lackawanna  Steel  Company,  is  shown  in  Fig.  12.  Thei 
were  divided  into  panels  12  ft.  6  in.  center  to  center,  with  double  partitions  at  each  panel 
leaving  a  clear  length  of  11  ft.  6  in.  The  bins  are  lined  throughout  with  \  in.  plates.  All 
in  the  floor  are  countersunk.     The  gates  at  the  bottom  of  the  bin  are  cylindrical  and  are  rei 
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I  of  shafting  and  gears.     There  h  an  opening  in  ihe  side  of  the  drum,  and  when  the 
1  this  opening  comes  opposite  the  opening  in  the  bottom  of  the  bin  and  the  drum 
The  drum  is  then  revolved  and  the  material  is  dumped  into  the  lames* 

Bins.^ — Circular  bins  are  made  of  both  steel  and  reinforced  concrete.    A  circular 
I  with  a  hcmbpberical  bottom  is  shown  in  Fig.  13  and  Fig.  14, 

[PL£S  OF  BINS.  Steel  Coal  Bin  for  Rapid  Transit  Subway.— A  cross*section  of  a 
suspension  bunker  built  by  the  Rapid  Transit  Subway,  New  York  City,  is  shown  in 
15  and  Fig*  16-  The  bunker  is  supported  on  posts  and  is  covered  by  corrugated  steeL  The 
i  lined  with  a  layer  of  concrete  3)  in.  thick,  reinforced  with  expanded  metal.  The  details  of 
Hetioii  are  plainly  shown  in  the  cuts. 

I 


P/an  of  Hoppers  snd 
Hopper  dott&ms 


SO*f^aih' 


\6enera/  fhfofm  of  Happen  I  dotfom^ 
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17.    HoFp&a  BiK  Cananba  Consoudated  Copper  Co.,  Cakanba,  Mexico. 
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Ore  Bins  for  Cammea  Coniolidated  Copper  Cooftaj. — Detail  drawings  of  a  hopper 
bin  built  by  the  Cananea  Conaolidated  Copper  Company  are  shown  in  Fig.  17.  The  ofe  itca 
and  heavy  and  is  dumped  from  cars  on  the  top  of  the  bins.  The  ore  is  drawn  off  through  (i 
on  the  bottom  and  is  carried  away  on  a  conveyor.  The  side  plates  are  i  in.  thick  and  are  sdSe 
with  channels  spaced  about  4  ft.  apart.  The  hopper  plates  are  {  in.  tUck  and  are  stiffened  1 
10  in.  channels. 


8''lH8"-- 

iz'm/i-- 


..I. 


-'-iO"€>6S       \ 


v-m  -¥-11-0- 

HalF       Hdf 
CnelVkn  Cnsi  Section 


Lonqitudird  Section 
at  Center 


Fig.  18.    Steel  Coal  Bins  at  Coketon,  W.  Va. 


Steel  Coal  Bins  for  Davis  Coal  and  Coke  Co. — The  steel  coal  bin  shown  in  Fig.  i8  was  dedi 
by  the  American  Bridge  Company  for  the  Davis  Coal  and  Coke  Co.  for  the  coke  ovens  at  CoIh 
W.  Va.  The  framework  is  made  of  structural  steel  and  is  covered  with  corrugated  steel, 
bin  is  lined  with  3  in.  oak  plank  spiked  to  timber  spiking  pieces  which  are  bolted  to  the 
beams.  The  bin  is  carried  on  plate  girders  each  having  a  web  plate  96  in.  X  }  in.,  and  top 
bottom  flanges  of  two  angles  6"  X  6"  X  A".  The  bin  is  filled  by  a  belt  conveyor  passing 
the  top  of  the  bin,  as  shown  in  Fig.  18.  The  coal  is  drawn  from  the  bins  through  gates  into 
and  is  hauled  to  the  coke  ovens.     The  capacity  of  the  bin  is  300  tons. 

References. — For  the  design  of  reinforced  concrete  bins,  and  for  additional  data  and  exam 
see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 


CHAPTER  IX. 
Steel  Gr-\in  Elevators. 

luctioo. — Grain  elevators,  or  *^  silos,"  as  they  are  called  in  Europe,  may  be  divided  into 
^according  to  the  arrangement  of  the  bins  and  elevating  machinery:  (a)  eie\'ators 
M  contained,  with  all  the  storage  bins  in  the  main  elevator  or  working  house;  and 
tvators  having  a  workinj^  house  containing  the  elevating  machinery,  while  the  storage  is  in 
wnected  with  the  working  house  by  conveyors.  The  working  house  is  usually  rectangular 
H(  with  square  or  circular  bins;  while  the  independent  storage  bins  are  usually  circular. 
mth  reference  to  the  materials  of  which  thi^y  are  constructed,  elevators  may  be  divided 
[l)  timber;  (2)  steel;  (3)  concrete;  (4)  tile,  and  (5)  brick.  Steel  grain  elevators,  only,  will 
in  this  chapter.  For  a  complete  treatise  on  the  design  of  grain  elevators,  see  the 
Design  of  Walls,  Bins  and  Grain  Elevators/' 
SS  IW  GRAIN  BINS. — The  problem  of  calculating  the  pressure  of  grain  on  bin 
ewhat  similar  to  the  problem  of  the  retaining  wait  but  is  not  so  simple.  The  theory 
will  apply  in  the  case  of  shallow  bins  with  smooth  walls  where  the  plane  of  rupture 
surface,  but  will  not  apply  to  deep  bins  or  bins  with  rough  walls.  (It  should  be 
that  Rankine  assumes  a  granular  mass  of  unlimited  extent.) 

[  ia  Deep  Bins. — Where  the  plane  of  rupture  cuts  the  sides  of  the  bin  the  solution  for 
i  does  not  apply. 

ture, — The  following  nomenclature  will  be  used: 

angle  of  repose  of  the  filling; 

the  angle  of  friction  of  the  filling  on  the  bin  walls; 

tan  ^  *  coefficient  of  friction  of  filling  on  filling; 

tan  ^'  —  coefficient  of  friction  of  filling  on  the  bin  walls; 

»x  »  angle  of  rupture; 
w  *  weight  of  filling  in  lb.  per  cu.  ft.; 
V  «  vertical  pressure  of  the  filling  in  lb.  per  sq.  ft.J 
L  »  lateral  pressure  of  the  filling  in  lb.  per  sq.  ft.; 
A  =  area  of  bin  in  sq.  ft.; 
U  =  circumference  of  bin  in  ft.; 
fi  —  .4/7.'*  =  hydraulic  radius  of  bin. 

ssen^s  Sotutiaa* — The  bin  in  (a)  Fig,  !♦  has  a  uniform  area  A,  a  constant  circumference  U, 

id  with  a  granular  material  weighing  w  per  unit  of  volume,  and  having  an  angle  of  repose 

be  the  verticai  pressure,  and  L  be  the  lateral  pressure  at  any  point,  both  F  and  L 

1  as  constant  for  all  points  on  the  horizontal  plane,     (More  correctly  F  and  L  will 

on  the  surface  of  a  dome  as  in  (6),) 

weight  of  the  granular  material  between  the  sections  ol  y  and  y  +  dy  —  A-w-dy;  the 

force  acting  upwards  at  the  circumference  will  be  —  L*  I/* tan  ^'*dy;  the  total 

alar  pressure  on  the  upper  surface  ^'ill  be  —   V-A;  and  the  total  pressure  on  the  lower 

rill  be  =  {V-td\nA. 

^  Utrsc  vertical  pressures  are  in  equilibrium,  and 


V^A  -  (V  ^  dXn.i  4-  .1  'W'dy  -  L^  Ulan  <t^''dy  =  o 

=  (w  -  L'tan4»*  -7jdy 
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Now  in  a  granular  mass,  the  lateral  pressure  at  any  point  is  equal  to  the  vertical  pr 
times  kt  a  constant  for  the  particular  granular  material,  and 

Also  let  A/U  ^  R  (the  hydraulic  radius),  and  tan  ^'  —  /»'• 
Substituting  the  above  in  (i)  we  have 


Now  let 


and 


?-■ 

Sur force  of  1 1 
Maferfaf^  • 

y 

1 

A 

.•^    \.       .       ^  ^  "^ 

fi 

[ 

Icfy 

\ 

t 

— : 

L_ 

A 

R 

dV 


w-nV 


dy 


(b) 


L'U'dy 


A 


<fy^ 


I 


-tt- 


\ 
\ 


(c) 


J*'--. 


l-t/'ify. 


§ 


Fig.  I. 


Integrating  (3)  we  have 

log  («;  -  »•  7)  =  -  «-y  +  C 

Now  if  y  =  o,  then  7  =  0,  and  C  =  log  w,  and  (4)  reduces  to] 

'  w  —  n'V\ 


loR 


and 


(^^')--«- 


w 
w  ^  fi'V 


=  e~^'* 


w  d^y 

where  e  is  the  base  of  the  Naperian  system  of  logarithms.     Solving  for  V  we  have 


Substituting  the  value  of  n  from  (2),  we  have 

7  =  ^(1-  ^.M'.Wii) 
Now  if  /t  be  taken  as  the  depth  of  the  granular  material  at  any  point  we  will  have 


Also  since 


Ar-Ai 
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L^k'V 

L  -  ~  (I  -  e-^^n'^hiB) 


(8) 


Now  if  w  18  taken  in  lb.  per  cu.  ft.,  and  R  in  ft.,  the  pressure  will  be  given  in  lb.  per  sq.  ft. 
For  deep  bins  with  a  depth  of  more  than  two  and  one-half  diameters  the  last  term  of  the 
jgiit  hand  member  of  (8)  may  be  omitted,  and 


L' 


(9) 


Now  both  m'  and  k  can  only  be  determined  by  experiment  on  the  particular  grain  and  kind  of 
mx.    For  wheat  and  a  wooden  bin,  Janssen  found  m'  =»  0.3  and  k  «■  0.67,  making  k-ii'  -  0.20. 

Jamieson  found  by  experiment  that  for  wheat  k  »  0.6,  and  he  found  values  in  Table  I  for  ti! 
t9}k  wheat  weighing  50  lb.  per  cu.  ft.  and  having  ^  »  28^,  m  >■  0.532: 

TABLE  I. 

Coefficients  of  Friction  m'  for  Wheat  on  Bin  Walls. 

Jamieson. 

Wheat  Weighing  50  lb.  per  cu.  ft.,  and  Angle  of  Repose  ^  »  28  Degrees. 


Materials. 

Coefficient  of  Friction. 

MHieat  on  wheat .  .• 

0.532 

0.468 
0.37s  to  0.400 
0.365  to  0.37s 
0.400  to  0.42s 
0.400  to  0.42  s 
0.420  to  0.450 

BlHieat  on  steel  troueh  olate  bin 

yVhcat  on  steel  flat  plate,  riveted  and  tie  bars 

BVheat  on  steel  cvlinders.  riveted 

BlTheat  on  cement-concrete,  smooth  to  rough 

Bllieat  on  tile  or  brick,  smooth  to  roueh 

DlTh^at  on  cribbed  wooden  bin 

Pleisiier  obtained  the  values  of  n'  as  given  in  Table  II,  and  of  ib  as  given  in  Table  III. 


TABLE  II. 
Coefficients  of  Friction  of  Grain  Bin  Walls.    Pleisner. 


Bins. 

Coefficient  of  Friction  m'  -  tan  0'.                          | 

Wheat. 

Rye. 

-ribbed  bin    

0.43 
0.58 
0.2s 

0.4s 
0.71 

0.S4 
0.78 
0.37 
O.SS 
0.85 

fcinff^  cribbed  bin 

L<m«ll  nlank  bin 

.•fltMk  nlank  bin .-,,,■,  r  r 

^^•nforr^d  concrete  bin    

TABLE  III. 
Values  of  k  ^  L/V  for  Wheat  and  Other  Grains  in  Different  Bins.    Pleisner. 


Cribbed  bin 

Unged  cribbed  bin 

■nail  plank  bin 

«rge  plank  bin 

Uinforced  concrete  bin . 

22 


*  -  L/K. 


Wheat. 


0.4  to  0.5 
0.4  to  0.5 
0.34  to  0.46 

0.3 
0.3    to  0.35 


Rye. 


0.23  to  0.32 
0.3  to  0.34 
0.3  to  0.45 
0.23  to  0.28 
0.3 


Rape. 

Flaz-«eed. 

0.5  to  0.6 

0.5  to  0.6 
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TABLE  IV. 
Hyperbolic  or  Napbrian  Logarithms. 


N. 

Log. 

N. 

Log. 

N. 

Log. 

I.OO 

0.0000 

3.65 

1.2947 

6.60 

I.8871 

1.05 

0.0488 

3.70 

1.3083 

6.70 

I.9021 

l.IO 

0.09S3 
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LIS 
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1.20 
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1.9459 
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0.223 1 

3.90 
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I.974I 
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1.3s 
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It 

ijoois 
2x081 

1.40 
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2.0541 
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0.3716 

4.10 
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2.2773 
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I.5581 
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4.80 

1.5686 

16.00 

2.7726 

2.20 
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4.8s 

1.5790 

17.00 

2.8332 

2.25 

0.8109 

4.90 

1.5892 

18.00 

2.8904 
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4-95 
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21.00 
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31355 
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24.00 
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2.70 
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5.35 

1. 6771 

27.00 
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1.6864 
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1.6956 
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2.8s 
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30.00 
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5.55 

1.7138 

31.00 
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2.95 

1.0818 

5.60 

1.7228 

32.00 

34657 

3.00 

1.0986 

5.65 

1.7317 

33.00 

34965 

305 

I.IIS4 

570 

1.7405 

34.00 

3.5264 

3.10 

1.1314 

5.75 

1.7492 

35.00 

3.5553 

3.15 

1.1474 

5.80 

1.7579 

40.00 

3.6889 

3.20 

1. 1632 

5.85 

1.7664 

45.00 

3.2s 

1. 1787 

5.90 

1.7750 

50.00 

3.9120 

3.30 

1. 1939 

5.95 

1.7834 

60.00 

40943 

3.3s 

1.2090 

6.00 

1.7918 

70.00 

4.2485 

3.40 

1.2238 

6.  0 

1.8083 

80.00 

4.3820 

3.45 

1.2384 

6.20 

1.8245 

90.00 

44998 

3.50 

1.2528 

6.30 

1.8405 

100.00 

4.6052 

3.55 

1.2669 

6.40 

1.8563 

3.60 

1.2809 

6.50 

1. 8718 

• 

It  will  be  seen  in  (8)  that  the  maximum  lateral  pressure  in  a  bin  which  must  be  used  intfc 
design  of  deep  bins,  is  independent  of  Jk,  and  that  therefore  an  exact  determination  of  ik  is  not  >tf 
important.     In  calculating  the  values  of  V  and  L  in  (7)  and  (8),  it  is  necessary  to  use  a  tablet 
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tfiypcrbofic  logarithms.     A  brief  tabic  of  hyperbolic  logarithms  Is  ^ven  in  Table  IV. 
hyi^rbolic  logarithm  of  any  number,  using  a  tabic  of  Brigg*s  or  common  logarithms^ 
reJatioo:    Tkt  hypcrholU  or   Naperian  logarithm  of  any  number  «=  common  or  Brigg's 

r  Author  has  calculated  the  lateral  pressures  on  steel  plate  bins,  Fig.  2. 
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>  UBP  Fir.  2  to  calculate  the  pressures  in  rectangular  bins.  caJculate  the  pressure  in  a  circular 
bin  which  has  the  same  hydraulic  radius,  R  (R  ^  area  of  bin  ^  perimeter  of  bin),  as 
t4ttgubr  bin. 

wQl  be  seen  in  Fig.  2  that  the  pressure  varies  as  the  diameters,  where  the  height  divided 
i  diameter  b  a  constant*     By  using  this  principle  the  pressure  for  any  other  diameter  within 
n»f  the  diagram  may  be  dirt^ctly  interpolated. 

bl«iD  f.     Rc-quired  the  lateral  pressure  al  the  bottom  of  a  cement  lined  bin,  10  ft.  in 
and  20  ft,  high,  containing  wheat  weighing  50  lb.  per  cu.  ft,     Assume  m'  =  0416.  and 
i,  al»o  R  will  «  2i  ft.,  u'  =^  50  lb.,  h  ^  20  ft.,  and  kf^'  -  0,25. 
Nov  Irom  (8) 

-  300(1  -  e^) 

*  from  Table  IV  the  number  whose  hyperbolic  logarithm  is  2.00  19  7.40,  and 

L  *  300  (  I  ^ ^  )  , 

V         740  / 

=  260  lb.  per  sq.  ft., 
"=  1.8  lb.  per  sq.  in. 


ite^ 
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Gennan  Practice. — ^Janssen's  formula  is  given  in  Hutte  Des  Ingenieun  Taachenbuch,  ii 
the  standard  formula  for  the  design  of  grain  bins.  For  wheat  Janssen  found  that  m'  ■■  0.3,  ail 
k  »  0.67,  so  that  /'ib  —  0.20.  Using  these  values  and  changing  to  Engtiah  units,  ire  haw  far 
wheat, 

F  -  ^  (I  -  «-«A/jr) 
or  if  d  »  diameter  or  side  of  bin,  then 

L  =  *.F 
which  is  the  German  practice. 

Load  on  Bin  Walls. — ^The  walls  of  a  deep  bin  carry  the  greater  part  of  the  weight  of  tk 
contents  of  the  bin.  The  total  weight  carried  by  the  bin  walls  is  equal  to  the  total  presniR,  A 
of  the  grain  on  the  bin  walls,  multiplied  by  the  coefficient  of  friction  /i'  of  the  grain  on  tbeba 
walls. 

From  formula  (8)  the  unit  pressure  on  a  unit  at  a  depth  y  will  be 

and  the  total  lateral  pressure  for  a  depth  y,  per  unit  of  length  of  the  perimeter  of  the  bin,  wiBbe 

/*     L         «-M       *•/*  J 

Now  the  last  term  in  (11)  is  very  small  and  may  be  neglected  for  depths  of  more  than  tM 
diameters,  and 

The  total  load  per  lineal  foot  carried  by  the  side  walls  of  the  bin  will  be 

For  the  total  weight  of  grain  carried  by  the  side  walls  multiply  (13)  by  the  length  of  the  c*^ 
cumference  of  the  bin. 

Formulas  (12)  and  (13)  may  be  deduced  as  follows:— The  grain  carried  by  the  sides  rf» 
bin  will  be  equal  to  the  total  weight  of  grain  in  the  bin  minus  the  pressure  on  the  bottom  of  tk 
bin.     If  P  is  the  total  side  pressure  on  a  section  of  the  bin  one  unit  long,  then 

P'U'n'  =  Wi4-y-  A'V  W 


and  solving  (h 


(") 
(II) 


and  the  total  load  carried  on  a  section  of  the  bin  one  unit  long  will  be  found  by  multiplying  '" 
(II)  by  m'.  and 
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=*  W'i?     y  —  J——     (approx,) 


(13) 


35 

0.4  X  0.375 . 


^cample  tafoe  a  utecl  bin  lo  ft,  in  diameter  and  loo  ft.  deep:  weight  of  wheat,  w  «=  50 
per  cu,  ft.;  angle  of  friction  of  wheat  on  steel,  m'  -  0.375;  angle  of  repose  of  grain  on  grain» 
s  tan  28°  —  0.532  (m  does  not  occur  in  formula  (13)  but  may  be  used  in  calculating  an  approxi- 
le  value  of  t  =  (l  —  sin  28**)7(i  -)-  sin  28°)  =  0.37  which  is  a  close  approximation  to  A  =^  0.4 
Bwill  be  used).    Then  the  load  carried  by  the  side  walls  per  lineal  foot  will  be  from  (13) 

H  p'/u'  -  50  X  2.5  [  100  -  ^ 

^^H  »  10,416  lb. 

^HRotal  load  on  the  entire  bin  waits  will  be 

W  p./  X  31416  =  327,635  lb. 

'  Tlie  total  weight  of  wheat  in  the  bin  is 

B  50  X  78.5  X  100  =  392*700  lb. 

I  the  total  load  carried  by  the  bottom  of  the  bin  is 

392,700  -  327,635  =  65,065  lb. 

f  pressure  on  the  bottom  -  V  =  65,065/78.54  =  830  lb.  per  sq.  ft.     From  formula  {7)  we 

V  =  830  lb,  per  sq.  ft. 

PERIMENTS  ON  THE  PRESSURE  OF  GRAIN  IN  DEEP  BINS.— The  laws  of  pressure 

I  and  similar  materials  are  very  different  from  the  well  known  laws  of  fluid  pressure.     Dry 

[and  corn  come  very  nearly  filling  the  definition  of  a  granular  mass  assumed  by  Rankinc  in 

ing  his  formulas  for  earth  pressures.     As  stored  in  a  bin  the  grain  mass  is  limited  by  the 

ilU,  and  Rankine's  retaining  wall  formulas  are  not  directly  applicable. 

I  grain  is  allowed  to  run  from  a  spout  onto  a  floor  it  will  heap  up  until  the  slope  reaches  a 

lan^le*  called  the  angle  of  repose  of  the  grain,  when  the  grain  will  slide  down  the  surface 

If  a  hole  be  cut  in  the  bottom  of  the  side  of  a  bin,  the  grain  will  flow  out  until  the 

I  blocked  by  the  outflowing  grain.     Inhere  is  no  tendency  for  the  grain  to  sp>out  up  as 

fcase  of  fluids.     If  grain  be  allowed  to  flow  from  an  orifice  it  flows  at  a  constant  rate,  which 

endent  of  the  head  and  varies  as  the  diameter  of  the  orifice. 

Jtperiinents  by  Willis  Whited,*  and  by  the  author  at  the  University  of  Illinois,  with  wheat 

hown  that  the  flow  from  an  orifice  is  independent  of  the  head  and  varies  as  the  cube  of  the 

nf  thi:  orifice.     This  phenomenon  can  be  explained  as  follows:    The  wheat  grains  in 

tend  to  form  a  dome  which  supports  the  weight  above.     The  surface  of  this  dome  is 

the  surface  of  rupture.     When  the  orifice  is  opened  the  grain  flows  out  of  the  space  below 

Iftnd  the  space  is  filled  up  by  grains  dropping  from  the  top  of  the  clomc.     As  these  grains 

i  take  their  place  in  the  dome.     Experiments  with  glass  bins  show  that  the  grain  from 

Brer  of  the  bin  is  discharged  first,  this  drops  through  the  top  of  the  dome,  while  the  grain 

P lower  part  of  the  dome  discharges  last, 

law  of  grain  pressures  has  been  studied  experimentally  by  several  engineers  within 

Cycar^.     A  hnd  resume  of  the  most  important  experiments  is  given  in  the  author's  "The 

\  of  Walls.  Bins  and  Grain  Elevators,'*  where  after  a  careful  study  of  all  available  experi- 

[ihc  author  reached  the  following  conclusions r^ 

The  pressure  of  grain  on  bin  walls  and  bottoms  follows  a  law  (which  for  convenience  will 

I  the  law  of  **  semi-fluids"),  which  is  entirely  different  from  the  law  of  the  pressure  of  fluids, 

Eng.  Soc  of  West.  Penna,,  April,  igot 


4 


826  STEEL  GRAIN  ELEVATORS.  .     Chap.  II. 

2.  The  lateral  pressure  of  grain  on  bin  walls  is  less  than  the  vertical  pressure  (0.3  toa6tf 
the  vertical  pressure,  depending  on  the  grain,  etc.)»  and  increases  very  little  after  a  depth  of  if 
to  3  times  the  width  or  diameter  of  the  bin  is  reached. 

3.  The  ratio  of  lateral  to  vertical  pressures,  k,  is  not  a  constant,  but  varies  with  different  gnia 
and  bins.     The  value  of  k  can  only  be  determined  by  experiment. 

4.  The  pressure  of  moving  grain  is  very  slightly  greater  than  the  pressure  of  gxain  at  rat 
(maximum  variation  for  ordinary  conditions  is,  probably,  10  per  cent). 

5.  Discharge  gates  in  bins  should  be  located  at  or  near  the  center  of  the  bin. 

6.  If  the  discharge  gates  are  located  in  the  sides  of  the  bins,  the  lateral  pressure  due  to  movi^ 
grain  is  decreased  near  the  discharge  gate  and  is  materially  increased  on  the  side  opposite  tk 
gate  (for  common  conditions  this  increased  pressure  may  be  two  to  four  times  the  lateral  pnmm 
of  grain  at  rest). 

7.  Tie  rods  decrease  the  flow  but  do  not  materially  affect  the  pressure. 

8.  The  maximum  lateral  pressures  occur  immediately  after  filling,  and  are  slightly  greitff 
in  a  bin  filled  rapidly  than  in  a  bin  filled  slowly.  Maximum  lateral  pressures  occur  in  deep  hm 
during  filling. 

9.  The  calculated  pressures  by  either  Janssen's  or  Airy*s  formulas  agree  very  cloady  vitk 
actual  pressures. 

10.  The  unit  pressures  determined  on  small  surfaces  agree  very  closely  with  unit  presBURi 
on  large  surfaces. 

11.  Grain  bins  designed  by  the  fluid  theory  are  in  many  cases  unsafe  as  no  provision  is  mde 
for  the  side  walls  to  carry  the  weight  of  the  grain,  and  the  walls  are  crippled/ 

12.  Calculation  of  the  strength  of  wooden  bins  that  have  been  in  successful  operation  shon 
that  the  fluid  theory  is  untenable,  while  steel  bins  designed  according  to  the  fluid  theory  hue 
failed  by  crippling  the  side  plates. 

RECTANGULAR  STEEL  BINS.— For  the  calculation  of  the  stresses  in  and  the  desigii  d 
rectangular  steel  bins,  see  the  author's  "  The  Design  of  Walls,  Bins  and  Grain  Elevataa,' 
Second  Edition. 

CIRCULAR  STEEL  BINS.— In  the  designing  of  steel  grain  bins  particular  attention  shouH 
be  given  to  the  horizontal  joints,  and  to  the  strength  of  the  bin  to  act  as  a  column  to  support  the 
grain.  To  calculate  the  thickness  of  the  metal  the  horizontal  pressure  L  is  obtained  from  Jaa* 
ssen's  formula,  and  then  the  thickness  may  Ix)  found  by  the  formula 

where  /  =  thickness  of  the  plate  in  in.; 

L  =  horizontal  pressure  in  lb.  per  sq.  in.; 
d  =  diameter  of  bin  in  in.; 
5  =  working  stress  in  steel  in  lb.  per  sq.  in.; 
/  =  efficiency  of  the  joint. 
The  unit  stress  5  may  be  taken  at  16,000  lb.  per  sq.  in.,  and  /  will  be  about  57  p)er  cent  for  a 
single  riveted  lap  joint,  73  per  cent  for  a  double  riveted  lap  joint,  and  80  per  cent  for  double 
riveted  double  strap  butt  joints.     For  the  efficiency  of  riveted  joints,  see  Table  Ila,  Chapter  XI. 
The  allowable  stresses  given  for  the  design  of  steel  mill  buildings  should  be  used  in  design. 
These  allowable  stresses  are  as  follows:   Tension  on  net  section  16,000  lb.  per  sq.  in.;  shear  on 
cross-section  of  rivets  11,000  lb.  per  sq.  in.;  bearing  on  the  projection  of  rivets  (diameter  X  thick- 
ness of  plate)  22,000  lb.  per  sq.  in.     Compression  in  columns  P  =  16,000  —  yQljr  where  P  =  unit 
stress  in  11).  per  sq.  in.,  /  =  lenp:th  of  member  and  r  =  radius  of  gyration  of  the  member,  both  in  inches 
Rivets  in  Horizontal  Joints. — ^Thc  side  walls  carry  a  large  part  of  the  weight  of  the  grain  in 
the  bin  and  this  should  be  considered  in  designing  the  horizontal  joints.     The  weight  of  the 
grain  supported  by  the  bin  above  any  horizontal  joint  can  be  calculated  as  shown  in  the  following 
example.   Assume  a  steel  plate  bin  25  ft.  in  diameter,  and  it  is  required  to  calculate  the  grain 
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llfjported  by  the  bin  w^lls  above  a  horizontal  joint  75  ft.  below  the  top  of  the  grain.  From 
Itjon  (13)  the  grain  carried  by  the  bin  walls  per  lineal  foot  of  circumference  of  bin,  where 
[SO  lb.  per  cu,  ft.j  n!  *  0-375:  *  ^  0,40.  also  R  =  25/4  *  6.25.  and 

=  10415  lb, 

ht  of  the  steel  bin  above  the  joint  may  be  taken  as  1,250  lb.  per  lineal  foot  of  joints 
Dntal  riveting  should  then  be  designed  for  a  shear  of  11,665  lb.  per  lineal  foot  of  joint. 
'  that  the  plates  are  \  in.  thick  and  the  rivets  \  in.  in  diameter.     For  allowable  stncsses  of  J 
ib.  per  sq.  in.  in  tension,  11,000  lb.  per  sq.  in.  in  shear,  and  22,000  lb.  per  sq,  in.  in  com- 1 
on;  then,  Table  1 14»  Part  II,  the  value  of  a  1  in.  shop  rivet  in  single  shear  =  4,860  lb.,  and  a] 
frivct  is  i  of  4,860  «  3,240  lb.,  and  in  compression  ™  6,190  lb.  for  shop  rivets  and  =  4.127 
b.  for  field  rivets.     For  a  lap  joint  therefore  the  spacing  should  not  be  greater  than  31^40  X  12 
1,665  =  3.25  in.,  requiring  but  one  row  of  rivets. 

Stresses  in  11  Steel  Bin  Due  to  Wind  Monaent.^ — If  M  is  the  moment  due  to  the  wind  acting 
:  biii  above  the  horizontal  joint,  then  the  stress  per  Uncal  foot  of  joint  due  to  wind  moment 


Md 
2/    ' 


but  /  =  iir't^  (approxO  and  S 


4Af 


(15) 


nsions  are  in  feet.     For  a  wind  load  of  ^^o  lb.  per  sq.  ft.  on  two-thirds  of  the  tank 
.  IJ^tCl*  ft.  on  the  entire  surface  of  the  tank)  the  wind  stress  will  be.V  -  2»865  Ib.  per  lineal 
The  spacing  thert-fore  should  not  be  greater  than  3,240  X  12  -^  01*665  -j-  2^65)  =  2 J  in. 
^  large  circular  iiteel  bins  the  thin  side  walls  are  not  sufficiently  rigid  to  support  ' 
in  and  it  i^  necessar>^  to  supply  stiffeners.     For  this  purpose  angles  or  Z-bars^ 
'  be  tlsefT     Ecperience  has  shown  that  bins  in  which  the  height  is  equal  to  or  greater  than 
[tNHit  2}  times  the  diameter  do  not  need  stiffeners.     There  is  at  present  no  rational  method  for 
n  of  these  stiffeners  or  the  stiffeners  in  plate  girders.     In  Fig.  9  will  be  seen  the  details 
bin  of  the  Independent  Steel  Elevator  with  Z-bar  stiffeners.     Angle  stiffeners  were  , 
(he  bins  of  the  Electric  Elevator,  Minneapolis,  Minn. 


I- S(f-^' -i+i- 5G''&'-'*"'^' j^£4?' M 

Fig.  3.     Plan  of  Steel  Storage  BtNs  for  a  Steel  Elevator. 

alar  steel  bins  arc  used  for  storage  in  large  elevators  and  may  be  used  for  a  complete 
as  in  Fig.  3.     The  space  between  the  bins  is  sometimes  used  for  auxiliary  storage.     Thi 
r  bin  walls  arc  sitffened  l>y  means  of  vertical  channels,  and  the  auxiliary'  bins  arc  cross- brace 
nKl».     Complete  details  of  circular  steel  bins  for  the  Independent  Elevator,  Omaha, 
[shown  in  Fig.  9. 
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Country  Elevator. — General  plans  of  a  steel  grain  elevator  for  the  Manhattan  Milling 
gned  and  constructed  by  the  Minneapolis  Steel  &.  Machiner>^  Co.,  Minneapolis,  Minn., 
I  tn  Fig.  4-     This  elevator  could  easily  be  changed  to  a  shipping  elevator  by  putting  in  a 
ump.     Grain  is  run  from  the  cars  into  the  boot  of  the  receiving  leg,  and  is  then  elevated 
eyed  by  a  screw  conveyor  to  the  large  storage  bins,  or  is  run  into  the  temporary  storage 
cleaned  and  elevated  and  conveyed  to  the  storage  bins  by  the  screw  conveyor.     The 
j  built  of  steel  plates,  and  the  working  house  is  buik  of  steel  framework  covered  with  cor- 
Iftteel,     This  elevator  has  a  capacity  of  76,300  bushels  but  the  scheme  can  be  used  for  a 

I  40^000  bushel  elevator  for  either  shipping  or  for  milling  purposes, 
SE   INDEPENDENT   STEEL  ELEVATOR.    OMAHA.    NEB.     General   Description— 
ator  consists  of  a  steel  working  house  having  a  bin  capacity  of  240,000  bushels  and  8  steel 
tins  having  a  storage  capacity  of  100*000  bushels  each,  making  a  total  storage  capacity  of 
I  bushels. 

steel  working  house  ts  64  ft.  X  70  ft.,  with  14  ft.  sheds  on  two  ends  and  one  side,  as 
I^»g«  5-     The  sub-story  of  the  building  is  26  ft.     The  bins  are  64  ft,  4  in.  high,  as  shown 
,  and  are  supported  on  steel  columns,  as  shown  in  Fig.  6  and  Fig.  7.     The  spouting  story 
{6  in,  high:  the  garner  and  scale  story  is  26  ft.  6  in.  high;  and  the  machinery  stor>'  is  13 
high.     The  walls  below  and  above  the  bins  are  cov^ered  with  No.  24  corrugated  steel  laid 
)  corrugations  side  lap  and  3  in,  end  lap.     The  roof  is  covered  with  No.  22  corrugated  steel 
City  on  the  steel  purlins  with  2  corrugations  side  lap  and  6  in.  end  lap. 
he  first  or  working  floor  the  floor  between  the  tracks  is  made  of  i  in,  plate  bolted  to  the 
tiile  the  remainder  of  this  floor  is  made  of  concrete  filled  in  above  concrete  arches  which 
he  ilanges  of  the  beams  with  a  finish  i\  in,  thick  of  Portland  cement  mortar  consisting 
:  cement  to  one  part  clean,  sharp  sand.     The  concrete  is  composetl  of  one  part  Portland 
I  parts  sand,  and  five  parts  crushed  stone. 
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Fig.  5.    Plan  of  Independent  Elevatok. 


floor  of  the  cupola  throughout  the  different  floors  and  in  the  gallery  leading  over  the 

dc  of  No.  24  corrugated  steel  resting  on  steel  framework,  and  covered  with  3  in.  of  con- 

a  one-inch  finish  of  one  to  one  Portland  cement  mortar  troweled  smooth.     All  doorg 

the  rolling  steel  type.     The  window^  frames  were  made  of  2  in,  X  6  in.  timbers  and  are 

ith  No,  26  sheet  steel.     All  windows  arc  provided  with  i  J  in.  checked  rail  sash  and  are 

double  strength  glass. 

f, — All  steel  work  of  cver^^  description  was  painted  with  one  coat  oxide  of  iron  paint 
I  and  a  second  coat  after  erection.     The  tank  plates  and  corrugated  steel  were  painted 
Itlerior  surfAce  only  after  erection. 

Ii^ — Xhc  eight  steel  storage  bins  are  44  ft.  in  diameter  and  80  ft-  high,  have  a  capacity  of 
Ufthds  and  rest  on  separate  concrete  foundations.  The  bins  are  constructed  of  steel 
Jenrtl  with  Z-bars,  as  shown  in  Fig.  9,  The  bins  are  covered  with  a  steel  plate  roof* 
;jppnirte<l  on  roof  trusses,  as  shown  in  Fig.  11  and  Fig.  13.     A  conveyor  gallery  io  ft. 


330 


STEEL  GRAIN   ELEVATORS. 


J: — -jZ^y 


J^^  Y^^^kidSbip 


K" 


'Fig.  6,    Transverse  Section  op  Working  House  of  Independent 
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wide  and  8  ft.  high  extends  from  the  working  house  over  the  bins.     A  con\n£?yor  tun 
from  the  working  house  under  the  bins.     The  rivet  spacing  in  the  circular  bins  is  shown  I 

The  bins  in  the  working  house  arc  arranged  as  shown  in  Fig.  8*  and  are  constructed  ol  fli 
as  shown  in  Fig.  6  and  Fig.  7.  The  bins,  14  ft.  X  16  ft.,  are  braced  in  the  comers  wiiJji 
braces  spaced  5  ft,  centers  vertically,  and  of  the  si^ca  shown  in  Fig*  8.  The  large  bins  ujt 
braced  with  I  and  J-tn,  round  rods  spaced  5  ft.  apart  as  shown.  All  the  smaller  bin^  are  hfi 
with  t-in.  round  rods  spaced  2  ft.  6  in.  apart  as  shown.  Vertical  angles  in  the  sides  of  ik| 
are  provided,  as  shown  in  Fig^  6,  Fig.  7»  and  Fig.  8. 
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8.     Plan  of  Bins  in  Working  House  of  Independent  Elevator 
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EQUIPMENT. — There  are  two  stands  of  receiving  elevators  with  reeding  pits  on 
side.  These  elevators  have  22-inch  6-ply  belts  and  20  in*  X  7  in.  X  7  in*  buckets  spaced  14 
apart;  the  receiving  pits  are  covered  with  steel  grating,  and  a  pair  of  Clark's  aytomatitp 
shovels  are  located  at  each  unloading  place.  These  eJcvators  are  driven  with  an  electric  od 
of  100  H.  P.,  each  elevator  being  driven  with  a  clutch  and  pinion  so  that  the  elevator 
stopped  and  started  at  will. 

There  is  one  stand  of  shipping  elevators  constructed  in  the  same  manner,  haviQg  t  al 
6-ply  belt  and  2  lines  of  12  in.  X  7  in.  X  7  in.  buckets  spaced  14  in*  apart. 
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Fig.  id.     Details  of  Bin  Bottoms  and  Conveyors  under  Bins,  Independent 

Elevator, 

There  arc  two  stands  of  cleaning  elevators  with  I4'in.  6-ply  belts  with  12  in.  X  6  in.  X^* 
buckets  spaced  12  in.  apart. 

There  are  also  two  screenings  elevators  with  Q-in.  5-piy  belts  with  8  in.  X  5  In.  X  5 
buckets  spaced  12  in.  apart. 

The  shipping,  screenings,  and  cleaner  elevators  are  driven  from  a  line  shaft  which  is  drr 
by  a  100  H.  P.  motor,  each  elevator  being  driven  by  a  core  wheel  and  pinion. 

Three  scale  hoppers,  having  a  capacity  of  1,800  bushels,  are  located  in  the  cupola,  and 
garner  hoppers  of  1,800  bushels  capacity  are  located  above  the  scale  hoppers* 

The  main  line  shaft  on  the  first  floor  is  driven  by  a  170  H.  P,  motor. 

A  car  puller  capable  of  moving  25  loaded  cars  is  provided. 

Elevators. — The  boots  of  the  receiving  and  shipping  elevators  rest  in  water-tight  steel 
tanks  made  of  A-in.  steel  plates.     The  elevator  boots  arc  made  of  A*i^*  ^tcel  plates,  the  boot 
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[a  vertical  adjustment  of  8  inches.     The  elevator  cases  are  made  of  No*  12  steel  up  to 
I  of  A*'^  platen  m  the  bins,  and  No,  14  steel  above  the  bins.     The  cases  arc  strength- 
lies  at  the  corners.     The  elevator  heads  are  niade  of  No,  14  steel.     At  each  receiving 
large  elevator  pit  extending  from  the  leg  back  to  the  center  of  the  track.     This  pit 
1  of  beams  and  A**n»  plates  and  is  covered  with  a  grating  of  i  J  X  1-in*  bars  spaced 

lor  buckets  are  **  Buffalo"  buckets;  those  for  the  receiving  elevators  are  20  in.  X  7 
for  the  shipping  elevators  two  lines  of  12  in.  X  7  in.  X  7  in.  buckets;  for  the  cleaning 
le  line  of  12  in.  X  6  in.  X  6  in*  buckets:  and  for  the  screenings  elevator  one  line  of 

X  5  in.  buckets.     The  buckets  in  the  receiving,  shipping  and   cleaning  elevator* 
4  in,  apart,  while  those  in  the  screenings  elevator  arc  spaced  12  in.  apart, 
vator  belts  in  the  receiving  elevators  are  22  in,  wide  and  6-ply,  the  shipping  belts 
ide  and  6-ply;  the  cleaning  belts  are  14  in,  wide  and  6-ply,  and  the  screenings  belts 
de  and  S-ply.     The  belting  is  made  of  32  ounce  duck  and  is  first-class* 


Ro(ff  Framfnq  Plan  for  Tanks. 
II.     Framing  for  Roof  of  Circular  Bins,  Inoependbkt  Elbvatoe. 

b— The  building  is  provided  with  a  complete  system  of  spouts.  The  general  distrib- 
p  fmm  the  scales  to  the  shipping  spouts  are  double- join  ted  Mayo  sp>outs.  There  are 
ing  spouts  which  arc  provided  with  telescoping  bottom  sections.  All  bin  bottoms 
d  with  a  re%'olving  spout  with  a  cut-off  gate  operated  with  a  rack  and  pinion,  with 
Xg  to  within  reaching  distance  of  the  floor, 

K. — ^TTte  conveyor  belt  leading  from  the  working  house  over  the  bins  is  a  36  in. 
for  belt,  b  carried  on  disc  rolls  consisting  of  3  straight-faced  6-in.  pulleys  and  2  special 
bcs  run  loose  on  the  shafts,  which  are  itV-i^-  diameter  and  are  spaced  5  ft,  centers, 
lolls  arr  5-tn.  straight -faced  rolls  spaced  15  ft,  centers.  At  each  point  in  the  elevator 
it  lottiM  onto  the  belt  there  are  two  pairs  of  special  concentrating  rolls.     Movable 
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Fig.  12.    Details  of  Steel  Roof  for  Steel  Bins  for  Independent  Elevatoi 
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provided  with  spouts  are  provided,  so  that  grain  may  be  discharged  on  either  side  of  the 
be  entire  convc>^cjr  is  carried  on  a  steel  framework.     The  conveyor  belt  is  driven  by  a 
motor.     The  conveyor  in  the  tunnel  leading  from  the  storage  tanks  to  the  working 
i  of  the  same  type  as  the  conveyor  above  the  bins*  and  Is  supported  on  a  ste^l  framework, 
that  the  top  or  carrying  rolls  arc  all  of  the  concentrating  types,  as  shown  in  Fig.  lo.     The 
iting  rollers  are  composed  of  two  straight-faced  rolls  from  the  main  shaft,  and  two 
iting  rolls  meeting  at  an  angle  of  45**  to  the  straight  rolls»     The  Iqwer  conveyor  is  dri\*en 
r^pe  drive  from  the  main  line  shaft  in  the  working  house. 


13*    Details  or  Steel  Roof  Teuss  for  Steel  Bins,  Independent  Elevator. 
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^gple  Hoppers. — There  are  three  scale  hoppers  of  1,800  bushels  capacity,  each  mounted 
^k'airbanks- Morse  and  Company^s  scales,  having  a  capacity  of  84,000  lb.,  and  have  steel 
PIK.  The  hoppers  have  A'in*  steel  plate  sides,  and  }-in.  plate  bottoms,  stiffened  with  angle 
Ha»  and  are  tied  together  with  tie  rods.  Each  hopper  is  provided  w*ith  a  22-in,  cast  iron  outlet 
m  steel  plate  cut-off  gate. 

Qtfners. — ^A  steel  garner  hopper  is  placed  directly  over  each  scale  hopper.     The  gamers 
^  a  capacity  of  1,800  bushels,  and  are  construrttd  with  A-in»  side  plates  and  }-in.  bottom 
itca^     Th<^  l>ottoms  of  the  garners  are  hoppered  to  four  openings,  which  are  provided  wnth  gates 
steel  rollers. 

Machines. — ^A  large  size  cleaning  machine  and  a  large  size  oat  clipper  are  provided. 
machines  arc  connected  with  a  large  dust  colleitor  which  discharges  the  dust  from  the 
machines  and  from  the  sw^cepings  outside  of  the  building. 
Car  Poller. — A  car  puller  having  a  capacity  of  2$  loaded  cars  is  provided.     The  car  puller 
»  two  drums,  each  provided  with  400  ft.  of  lAn.  crucible  steel  cable. 

L.  Sborels, — A  pair  of  Clark  automatic  grain  shovels,  with  all  necessary  counterweights,  sheaves, 
W^t  etc.,  are  provided. 

^■be  total  weight  of  steel  in  the  elffvator  is  1,700  tons;  approximately  900  tons  in  the  working 
^Hftod  800  tons  in  the  circular  bins  and  conv'eyors. 
P^k  total  cost  was  $205,000,  of  which  the  8  steel  bins  and  conveyors  cost  $80,000. 

COST  OF  STEEL  GRAIN  ELEVATORS,— The  following  costs  of  steel  grain  elevators  ha\'e 
^UlDCn  from  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators/*  which  also  gives 
Mel  rdnfonred  concrete  and  tile  bins,  and  timber  grain  elevators.  The  total  cost  of  the  steel 
ttln  tkvttror  of  the  working  house  type,  constructed  by  the  Great  Northern  Railway  at 
V  Wl»-»  was  39.65  cts,  per  bushel  of  storage.  The  elevator  had  a  storage  capacity  of 
btnlielB,  and  the  steel  weighed  7  lb.  per  bushel  of  storage  capacity.    The  Independent 
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Elevator  cost  9}  cts.  per  bushel  storage  capacity  for  the  steel  biiis,aiid  54  cts.  per  bushel 
capacity  for  the  working  house.    A  steel  country  elevator  having  four  steel  tanks,  17}  ft 
eter  and  30  ft.  high,  with  an  interspace  bin  and  a  conveyor  shed,  and  having  a  storage  ca] 
of  30,000  bushels,  weighed  3  lb.  per  bushel  of  storage  capacity.    The  shop  cost  and  cost  of  en 
tion  of  the  structural  steel  was  I15.00,  and  I19.00  per  ton,  respectively. 

References. — ^For  the  design  of  reinforced  concrete  grain  bins  and  elevators,  and  for  addidod 
data  and  examples,  see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 


of  Head  Works  for  Mines. — The  design  of  the  head  works  for  a  mine  depends  upon 
rial  which  is  to  Ik*  hoisted,  uptin  the  depth  of  the  minet  the  inclination  of  the  shaft,  the 
pisting,  the  amount  to  be  hoisted  at  one  time,  the  treatment  of  the  ore  or  coal  after  tx;ing 
md  upon  the  material  used  in  the  construction  of  the  structure.  Head  works  fur  mines 
Svided  into  thnce  classes:   (i)  head  framcii;  {2)  rock  houses;  (3}  coal  tipples. 

first  head  frames  were  constructed  of  timber:  the  most  common  type  being  the  4-po»t 
ene-  The  square  or  rectangular  mine  tower  was  cross-braced  and  the  sheave  supports 
iie  of  heavy  timber.     The  back  brace  was  inclined  and  was  placed  between  the  hoisting 

the  line  of  the  resultant  of  the  stress  in  the  hoisting  rope. 
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Head  frames  vary  in  design  to  suit  local  conditions  and  the  ideas  of  the  designer.  The 
In  Fig.  t  is  the  most  satisfactory  type  where  conditions  permit  of  its  use.  It  is  simpl 
and  economical  of  material;  the  stresses  are  statically  determinate,  and  it  can  be  easil; 
lively  braced,  making  a  very  rigid  frame.  The  4-post  frame  in  Fig,  2  is  the  tyjje  to  use 
I  necessary  to  hoist  from  several  compartments  of  a  shaft  not  in  a  single  line.  It  is  also 
Doal  tipples  and  double  compartment  shafts.  The  4-post  frame  is  not  so  economical  of 
65  the  A-frame;  is  more  difficult  to  brace  effectively,  partly  for  the  reason  that  part  of 
in  the  tower  must  be  omitted  to  permit  the  dumping  of  the  ore  or  coal,  and  in  addition 

P|fue  statically  indeterminate.     The  frame  shown  in  Fig.  3  is  a  mmlification  of  the 
^  for  an  inclined  shaft.     Several  early  head  frames  in  the  coal  fields  of  Pcnns>'lvania 
on  the  lines  of  the  frame  shown  in  Fig.  4.    This  type  of  frame  has  no  points  of  merit 
Bcttcally  obsolete. 

%n  elaborate  discussion  of  the  design  of  head  frames,  coal  tipples,  and  oth^r  mme  struc- 
\  ihe  author's  "The  Design  of  Mine  Structures." 

rHODS  OF  HOISTING. — In  hoisting  from  inclined  or  vertical  shafts,  the  hoisting 
placed  at  some  distance  from  the  mouth  of  the  shaft,  the  c^bte  passes  up  over  the  sheave 
p  ci  the  head  frame  and  into  the  shaft.  The  rope,  if  round,  is  carried  on  a  smooth  or  a 
hoisting  dtum,  and  if  flat,  is  carried  on  a  hoisting  reel.  The  maximum  working  load  on 
Ctccurs  when  the  loaded  skip  or  cage  is  being  hoisted  from  the  bottom  of  the  shaft.  The 
k»a<i  then  consists  of  the  skip  or  cage,  the  load,  the  accelerating  force,  the  weight  of  the 
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rope  itself,  and  the  friction  of  the  rope  on  the  sheave  and  drum  and  of  the  skip  or  cage 
guides. 

With  round  ropes  the  hoisting  drum  for  deep  mines  is  commonly  made  conical,  th 
diameter  being  used  when  the  load  is  at  the  bottom  of  the  shaft.    Flat  ropes  are  wound  oi 
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Fig.  3. 


Fig.  4. 


so  that  the  small  diameter  is  used  when  the  load  is  at  the  bottom  of  the  shaft,  the  diar 
the  reel  increasing  as  the  rope  is  wound  up.  The  required  height  of  the  head  frame  ( 
upon  (i)  the  room  required  for  screening,  crushing  and  handling  the  coal  or  ore;  (2)  th 
of  hoisting — with  rapid  hoisting  it  is  necessary  to  have  a  height  from  the  landing  to  the 
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of  from  two  to  three  times  the  height  of  the  cage  or  skip  or  a  full  revolution  of  the  drum  to  i 
over  winding,  and  (3)  the  desired  location  of  the  hoisting  engine.     With  a  given  height 
frame  A,  the  distance  d.  Figs,  i  to  5,  depends  upon  the  diameter  of  the  sheave,  the  dian 
the  rope,  and  whether  the  rope  is  round  or  flat.     The  sheave  should  be  as  largeas can convi 
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I  iKe  larger  the  sheave  the  longer  the  life  of  the  hoisting  rope.     The  inertia  of  a  large, 

ive,  however,  with  rapid  lioisting  may  kink  the  rope  and  cause  excessive  wear*     The 

idtng  stresses  in  flat  ropes  for  a  sheave  of  given  diamtter  are  less  than  in  round  ropes  having 

lal  strength,  but  the  life  of  flat  ropes  is  less  than  for  round  ropes.     Flat  ropes  are  wound  on 

l«  which  arc  at  all  times  in  line  with  the  head  frame  sheave,  while  round  ropes  arc  wound 

so  that  the  horizontal  angle  between  the  center  line  of  the  sheave  and  the  cable  is 

,  clianging.     The  distance,  d,  far  fiat  ropes  can  then  be  less  than  for  round  ropes. 
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(Hfciisling  froro  mine  shafts  is  commonly  done  in  two  compartments  of  the  shaft  at  the  samir 
ae,  the  unloaded  skip  or  cage  descending  as  the  loaded  skip  or  cage  ascends.  This  is  known  as 
Uting  in  tjatance  or  counterbalance.  There  is  a  consic!erable  saving  in  tK>wer  in  hoisting  in 
Lance*  To  hoist  in  balance  it  is  ncccssar>*  to  take  ore  from  one  level  with  both  skips  unless  the 
system  is  used.  When  a  round  rope  w^inds  off  the  drum  it  makes  an  angle  with  the 
!  in  the  sheave  on  the  head  frame  and  the  friction  increases  the  tension  in  the  cable  and 
juces  its  life.  To  reduce  the  friction  and  wear  the  hoisting  engines  are  placed  at  a  con- 
bei&blc  distance  back  from  the  head  frame. 

head  frame  may  be  placed  so  that  the  sheaves  are  parallel,  as  in  Figs,  i  to  4»  or  so  that 

;  are  in  tandem,  as  in  Figs.  5  and  6.     With  the  latter  method  it  is  necessary  to  place 

ling  engine  farther  from  the  shaft  than  where  the  sheaves  are  in  parallel.     Wherc  the 

;  engine  is  placed  well  back  from  the  shaft  it  becomes  necessary  to  support  the  hoisting 

I  idlers,  as  shown  in  Fig.  6.     Where  mines  have  three  compartment  shafts,  ore  is  commonly 

from  but  two  compartments,  the  third  compartment  being  used  for  pumps,  pipes,  etc* 

ingement  makes  it  necessar>^  to  place  the  head  sheaves  so  that  they  will  not  be  sym- 

with  the  center  line,  bringing  heavier  working  stresses  on  one  side  of  the  head  frame 

[  the  other  Hide, 

from  Deep  Miaes. — In  deep  mines  the  rope  in  the  mine  becomes  a  large  paot  of 
and  various  f  net  hods  have  been  used  to  counterbalance  the  weight  of  the  rope.     Four 
^l}|od«  for  obviating  the  difl^iculty  just  mentioned  have  been  used:    (1)  the  Koepe  system; 
Uting  system;  (3)  modifications  of  (i )  and  (2),  and  (4)  by  the  use  of  a  taper  rope.     These 
•  dc«rni»ed  in  the  author*$  "The  Design  of  Mine  Structures/' 

IlfO    ROPES. — ^Round  hoisting  ropes  are  commonly  made  of  six  strands,  each  of 
fomied  by  twisting  nineteen  ^^i^es  together,  the  strands  being  wound  around  a  hemp 
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center.  Wire  strands  are  twisted  around  the  core  either  to  the  right  or  the  left,  and  the  resuka| 
rope  is  either  "right  lay"  or  "left  lay."  The  twist  may  be  long  or  short;  the  shorter  twist  Uxmi 
more  flexible  rope,  while  the  longer  twist  forms  a  more  rigid  rope.  Wire  rope  is  made  of  lo^ 
open-hearth  steel,  crucible  steel,  and  plough  steel.  The  strength  of  the  wire  from  whiditki 
rope  is  made  is  about  as  follows:  iron  wire,  40,000  to  100,000  lb.  per  sq.  in.;  open-hearth  tti 
wire,  50,000  to  130,000  lb.  per  sq.  in.;  crucible  steel  wire,  130,000  to  190,000  lb.  per  sq.  iiL;al 
plough  steel  wire,  190,000  to  350,000  lb.  per  sq.  in.  Hoisting  ropes  are  usually  made  of  cnidUi 
cast  steel  or  plough  steel. 

Flat  wire  rope  is  composed  of  several  round  ropes  whose  diameter  is  equal  to  the  reqmid 
thickness  of  the  fiat  rope,  laid  side  by  side  and  sewed  together  with  iron  or  annealed  cast  ltd 
wire.  The  round  ropes  are  alternately  of  right  and  left  lay  or  twist,  have  four  strands  withoi 
either  hemp  or  wire  center.  The  number  of  wires  in  each  strand  is  usually  seven,  but  may  h 
nineteen.  The  chief  drawbacks  to  the  use  of  fiat  wire  rope  are  its  first  cost  and  the  rapid  M 
of  the  sewing  wires. 

Flat  ropes  and  reels  are  used  to  a  limited  extent  in  the  western  part  of  the  United  States,  vfai 
round  ropes  are  generally  used  in  hoisting  coal  and  in  the  deep  copper  and  iron  mines  in  Michigiu 

Strength  of  Wire  Rope. — The  dimensions,  weight  and  strength  of  round  crucible  steel  boisdo| 
rope  are  given  in  Table  I,  while  similar  data  for  plough  steel  hoisting  rope  are  given  in  Table  II 
The  strengths  of  wire  rope  given  by  the  different  makers  differ  somewhat. 


TABLE  L 
Cast  Steel  Hoisting  Rope.    Ultimate  Strength,  Working  Strength  and  Weight  a 
Wire  Rope  Composed  of  6  Strands  and  a  Hemp  Center,  19  Wires 

TO  THE  Strand. 


Diameter, 
In. 

Approximate 
Circumference, 

Weight  per 
Ft.,  Lb. 

Safe  Working 
Load,  for  Hoist- 

Approximate Break- 
ing Stress,  Lb. 

Safe  Working 
Stress  for  Direct 

MinimnmSbr 
of  Dnunor 

In. 

ing.  L,  Lb. 

PuU.  S.  Lb. 

Sheave.  Ft 

2j 

s; 

11.95 

456,000 

76,000 

10 

7i 
7i 

9.8s 

1 

380,000 

66,300 

9} 

8.00 

312,000 

52,000 

8i 

61 

6.30 

CO 

248,000 

41,300 

8 

i! 

i'« 

5l 

4.8s 

to 

G 

192,000 

32,000 

7i 

S 

4IS 

1 

168,000 

28,000 

6| 

4I 

4i 

3.55 

0 
^ 

144,000 

24,000 

i| 

3.00 

1 

124,000 

20,700 

li 

4 

2.45 

CO 
r4 

100,000 

16,700 

«i 

3l 

2.00 

II 

84,000 

14,000 

4) 

3 

1.58 

K4 

68,000 

11,300 

i  ■ 

2j 

1.20 

Tf 

52,000 

8,700 

3i 

2i 

0.89 

J 

38,800 

6,300 

1 

2 

0.62 

60 

27,200 

4.500 

k 

A 

li 

0.50 

■M 

22,000 

3»700 

i! 

i 

li 

0.39 

0 

17,600 

2,900 

1 

A 

1} 

0.30 

13,630 

2,300 

i 

li 

0.22 

v2 
c4 

10,000 

1,670 

A 

I 

o.is 

CO 

6.800 

1,170 

■ 

i 

i 

O.IO 

4,800 

800 

i 

Working  Load  on  Hoisting  Rope. — The  stresses  in  a  hoisting  rope  are  the  sum  of  the  streast 
due  to  (i)  the  weight  of  the  rope,  (2)  the  friction  of  the  rope,  (3)  the  bending  of  the  rope  overtb 
head  sheave,  (4)  the  live  load,  and  (5)  the  impact  due  to  starting  and  stopping  the  load.  Tfc 
stresses  due  to  bending  are  discussed  in  the  next  section.  The  stresses  due  to  impact  vary  froi 
zero  to  twice  the  working  load  if  the  hoisting  cable  is  taut,  and  to  several  tiroes  the  worldng  loi 
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TABLE  IL 
UGH  Steel  Hoisting  Rope.    Ultimate  Strength,  Working  Strength  and  Weight  of 
Wire  Rope  Composed  of  6  Strands  and  a  Hemp  Center,  19  Wires 
TO  THE  Strand. 


imecer.  In. 

Approximate 
Circumfer- 
ence. In. 

Weight 
per  Ft.,  Lb. 

Safe  Working 

Load  for 

Hoisting.  L. 

Lo. 

Approximate 
Breaking 
Stress,  Lb. 

Safe  Working 

Stress  for 

Direct  PuU. 

5,  Lb. 

Minimum 
Size  of  Drum 
or  Sheave,  Ft. 

8i 

11.95 

550,000 

91,700 

14 

7i 

9.8s 

. 

458,000 

76,300 

I2i 

ij 

7i 

8.00 

1 

372,000 

62,000 

II 

H 

6.30 

280,000 

47,700 

2f 

Ji 

si 

4.85 

i 

224,000 

37,300 

8i 

ii 

5, 

4.IS 

.s 

i83,ooo 

31,300 

7f 

^f 

3-55 

£ 

164,000 

27,300 

7, 

4l 

3.00 

1 

144,000 

24,000 

6i 

I 

4, 

2.4s 

^ 

1 

1x6,000 

19,300 

6 

If 

3J 

2.00 

94,000 

15,700 

5 

I 

3, 

1.58 

Kf 

76,000 

12,700 

4i 

^f 

1.20 

Ti 

58,000 

9,700 

4 

2} 

0.89 

1 

46,oaj 

7,700 

3l 

2 

0.62 

^ 

31,000 

5,170 

2i 

1  r 

If 

0.50 

24,600 

4,100 

2i 

1  r 

1} 

0.39 

g 

20,000 

3,300 

2 

1} 

0.30 

V 

16,000 

2,700 

if 

i  r 

1} 

0.22 

11,500 

1,900 

i| 

I 

CIS 

C/3 

7,600 

1,270 

li 

i 

1 

O.IO 

5.300 

890 

' 

TABLE  III. 
5T  Steel  Flat  Hoisting  Rope.    Ultimate  Strength,  Working  Stress  and  Weight  of 
Flat  Wire  Rope  Composed  of  4  Strands,  7  Wires  to  the  Strand. 


Safe  WorUng 

Approximate 

Breaking 

Stress  Lb. 

Safe  WorUng 

Approximate  Diame- 

Vidthand 

Weight  in  Lb. 

Load  for 

Stress  for  Di- 

ter in  Inches  of  Round 

ickness.  In. 

per  Lineal  Foot. 

Hoisting.  L. 

rect  Pull.  5. 

Cast  Steel  Rope  of 

Lb. 

Lb. 

Equal  Strength. 

1X5* 

3.90 

110,000 

18,300 

lA 

X5 

3.40 

100.000 

16,700 

li 

X4i 

3.12 

94,000 

15,700 

•^ 

^\ 

2.86 

86,000 

14,300 

It 

}X3i 

2.50 

^i 

76,000 

12,700 

I 

fX3 

2.00 

"5  « 

60,000 

10,000 

« 

|X2i 

1.86 

is 

56,000 

9,300 

1X2 

1.19 

— •   6 

36,000 

6,000 

iX7 

5.90 

■■ii 

178,000 

29,700 

If. 

X6 

5.10 

>  i 

154,000 

25,700 

lA 

XSJ 

4.82 

^^ 

144,000 

24,000 

I 

iX5, 

427 

«; 

128,000 

21,300 

I 

4.00 

120,000 

20,000 

lA 

iX4 

3.30 

100,000 

16,700 

ij 

X3i 

2.97 

90,000 

15,000 

Ii 

1X3 

2.38 

72,000 

12,000 

I 
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if  the  cable  is  slack.     If  a  descending  cage  should  stick  and  then  drop,  the  stress  will  be 
to  the  kinetic  energy  developed  and  will  be  very  large.    The  load  due  to  starting  a  cage 
from  the  bottom  of  a  shaft  may  be  taken  as 

K^2W+R+F 

where  K  —  stress  in  lb.  at  the  sheave  at  the  instant  of  picking  up  the  load; 
W  =  gross  load  in  lb.; 
R  =  weight  of  rope  in  lb. ; 

F  =  friction  in  lb.,  =  (W  +  R)f,  where  /  =  coefEcient  of  friction,  which  may  be 
at  o.oi  to  0.02  for  vertical  shafts  and  from  0.02  to  0.04  for  inclined  shafts  with  the  rope 
on  rollers.     The  working  load  should  not  be  greater  than  K  plus  the  stress  due  to  bending, 
should  not  exceed  }  of  the  ultimate  strength  of  the  rope,  or  I  of  the  ultimate  strength  for  direct] 
For  inclined  shafts  with  angle  of  inclination  with  horizontal  —  $,  the  stress  in  the  rope 
to  starting  the  cage  is 

K'  ^  (2W-\-  R)  sin  e  -h/(Pr  -\-R)co8e 

Bending  Stresses  in  Wire  Rope. — ^The  stresses  due  to  bending  will  depend  upon  the  diaacM 
of  the  rope,  the  make-up  of  the  rope,  the  angle  through  which  the  rope  is  bent,  and  the  diameM 
of  the  sheave.  The  unit  stress  due  to  bending  in  a  round  hoisting  rope  may  be  obtained  fns 
formula  (3),  the  form  of  which  is  due  to  Rankine  ("  Machinery  and  Mill  Work,"  p.  533). 

S  «  1,894,000  g 

where  D  =■  the  diameter  of  the  sheaves  in  inches,  and  d  =  the  diameter  of  the  rope  in  indft 
The  area  of  the  steel  in  a  round  hoisting  rope  is  approximately  a  »  0.41/',  and  the  total  bendfll 
stress  in  a  round  rope  will  be 

St  =  S-a  =  757.600  ^  (<l 

Now  the  direct  breaking  strength  of  a  crucible  steel  round  rope  is  closely 

U  =  6o,oood* 

Where  bending  stress  is  considered,  the  safe  working  load  should  not  exceed  }  of  the  ultiin* 
strength,  and  the  safe  working  load,  L,  should  not  exceed 

L  =  20,ooo{/'  —  757,600  -jz  W 

The  safe  working  loads  for  crucible  steel  round  ropes  based  on  formula  (6)  are  given  in  Fig.  7- 
For  plough  steel  ropes  the  ultimate  strength  is  U  =  70,000^*,  and 

L  =  26,700</*  —  757,600  g  (fl 

Mr.  William  Hewitt  in  "Wire  Rope,"  published  by  the  Trenton  Iron  Company,  gives tk 
following  formula  for  bending. f 

1.035;+ c 

where  E  =  the  modulus  of  elasticity  of  steel,  a  =  the  area  of  the  rope  in  sq.  in.,  D  =  the  diamcW 
of  the  sheave  in  inches,  d'  =  the  diameter  of  the  individual  wires  in  inches,  and  C  =  a  consO* 

*  Redrawn  from  a  diagram  prepared  by  Mr.  E.  T.  Sederholm,  Chief  Engineer,  Allis-Chalm* 
Company. 

t  Also  see  Engineering  News,  May  7,  1896. 
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Diameter  of  Dram  in  Feet 

7-    Safe  WoRjnNc  Stresses,  L,  ik  Crucible  Steel,  Round  Hoisting  Rope. 

»ig  upon  the  rope,  and  varies  from  9.27  for  haulage  rope  to  27.81  for  tiller  rope.     For 
M  hotstinK  rope,  C  »  1 5.45.     Substituting  E  =  29,000,000» 

I  ^,  and  d'  ^  — .we  have 

y  very  fimall  as  compared  with  the  values  of  D  used  in  hoisting,  formulas  (4)  and  (8) 
IcUctlly  the  same  results. 
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The  bending  stresses  in  crucible  steel  flat  ropes  are  given  in  Fig.  8. 

Cages  and  Skips. — For  details  of  cages  and  skips,  see  the  author's  "The  Design  <i  V. 

Structures." 

36iOO0 

54^000 

52,000 

30,000 

28,000 
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24,000 

ZBfiOO  -^ 

20,0(X)  ^ 

18,000   "^ 

I 
16,000     g 

12,000 

moo 

8,000 
6.000 
4,000 
2,000 

0 

50        56         42        48         S4         60        66         72 

Diameterof  Ike/ Hubs  in  Inches 

Fig.  8.    Safe  Working  Stkesses,  L,  in  Crucible  Steel,  Flat  Hoisting  Rofe. 

Sheaves  and  Safety  Hooks. — For  details  and  data  on  sheaves,  safety  hooks,  etc.,  see ' 
author's  "The  Design  of  Mine  Structures." 

EXAMPLES  OF  STEEL  HEAD  FRAMES.— The  detail  plans  for  three  steel  head  fni 
taken  from  the  author's  "The  Design  of  Mine  Structures"  are  excellent  examples  of  steel  b 
frames.     Data  on  l6  steel  head  frames  are  given  in  Table  V. 
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Head  Frame  for  thu  Diamond  Mine. — The  details  of  the  steel  head  frame  of  the 

mine  are  sfauvrn  in   Fig.  g.     The  Diamond  head  frame  is  too  ft.  high  from  the  collar 

fcft  to  the  center  of  the  sheaves.     The  shaft  is  2,800  ft.  deep.     The  sheaves  are  10  ft* 

fcer  and  carr>'  a  7  in.  X  i  in,  flat  rop>e.     The  ore  is  hoisted  in  self -dumping  5kip«  with  a 

of  7  tons  and  weighing  3^  tons,  and  is  dumped  into  hoppers  from  which  it  is  run  directly 

which  pass  beneath  the  head  frame.     The  main  front  columns  and  back  braces  are 
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Steel  Head  Frame  for  Diamond  Mine,  Built  by  the  Gillette-Herzog  Mfg.  Co. 

kitlt-up  sections  consisting  of  one  cover  plate  20  in.  X  A  '"■•  two  plati-s  t8  in.  X  A  •"•• 
I  in.  X  3)  in.  X  )  in.,  with  lacing  bars  on  the  inner  side  4  in.  X  \  in.  The  main  diagonal 
nwclc  of  two  channels  taced.  The  total  weight  of  the  structural  steel  in  the  head  frame 
■  292,000  lb.,  while  the  steel  work  in  the  bins  weighed  26,000  lb.  At  40  cts.  per  hour 
f  »hop  tabor  on  the  structural  steel  was  1. 09  cts.  per  lb.  The  cost  of  erection,  everything 
wa»  $1 1.20  per  ton. 
Frame  for  the  New  Leonard  Mine. — The  steel  bead  frame  shown  in  Fig.  10  was 
n  Bridge  Company  for  the  New  Leonard  mine  of  the  Boston  &  Montana 
Butte,  Montana.    7'he  head  frame  is  of  the  A-type,  and  is  140  ft.  high  from 


mm 


348 


STEEL  HEAD  FRAMES  AND  COAL  TIPPLES. 


Chat. 


the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The  mine  has  a  four  compartment  shaft,! 
of  the  compartments  being  used  for  hoisting  ore.  The  mine  is  now  1,697  ft.  deep,  but  the  b 
frame  was  designed  for  an  ultimate  depth  of  3,500  fjt.  The  ore  is  hoisted  in  five-ton  self-duap 
skips  with  a  single  deck  cage  above  the  skip.  The  skips  weigh  7,500  lb.  each.  Four-deck  a 
are  used  for  hoisting  men.  The  hoisting  rope  is  1}  in.  in  diameter,  a  round  hoisting  rope  be 
an  innovation  in  the  Butte  district.  The  rate  of  hoisting  is  2,800  ft.  per  minute.  The  skip 
bins  have  a  capacity  of  150  tons.  From  the  skip  ore  bins  the  ore  runs  into  railroad  ore  bios  (1 
shown  in  Fig.  14),  26  ft.  9  In.  wide  by  150  ft.  long,  with  a  capacity  of  1,500  tons.  The  sheaves i 
12  ft.  in  diameter,  and  are  placed  5  ft.  10  in.,  center  to  center. 

The  main  posts  are  made  of  two  channels  12  in.  @  20}  lb.,  with  a  cover  plate  16  in.  vi 
and  ^  in.  and  i  in.  thick,  with  lacing  on  the  inner  side.  The  back  braces  for  the  lower  t 
panels  are  made  of  channels  12  in.  @  30  lb.,  with  a  plate  16  in.  X  |  in.;  the  third  section  is  oa 
of  two  channels  12  in.  @  30  lb.,  with  a  plate  16  in.  X  A  in.,  while  the  two  upper  secdoosi 
made  of  channels  12  in.  @  2o|  lb.,  laced  on  both  sides.  The  main  struts  and  diagonal  braces  1 
made  of  two  channels,  with  battens  top  and  bottom.  The  skip  guides  are  made  of  two  dians 
1 2  in.  @  20)  lb.  The  main  girder  at  the  top  of  the  back  brace  consists  of  one  plate  36  in.  X  )  in.,a 
four  angles  4  in.  X  4  in.  X  i  in.  The  skip  bins  are  supported  on  columns  made  of  two  dtaai 
10  in.  @  15  lb.,  laced  on  both  sides.  Where  two  channels  are  used  for  a  section,  the  flai^i 
turned  out.  The  New  Leonard  head  frame  is  one  of  the  highest  in  the  country,  and  is  one  oft 
best  designed  frames  that  has  been  constructed.  The  shipping  weight  'of  the  structural  sted 
this  head  frame  was  346,425  lb. 

Tonopah-Belmont  Steel  Head  Frame. — ^The  Belmont  shaft  of  the  Tonopah-Belmont  Misi 
Co.,  Tonopah,  Nevada,  is  at  present  1,420  ft.  deep.  It  has  three  compartments,  one  fori 
ladder-way  and  pipes  and  two  for  hoisting.  Double-deck  cages  of  the  Leadville  type  are  « 
for  hoisting,  but  the  use  of  skips  is  contemplated  later.  The  head  frame.  Fig.  11,  is  of  the  .Vty 
and  the  height  is  75  ft.  from  the  base  to  the  center  of  the  sheaves.  The  hoisting  drum  is  pla 
100  ft.  from  the  center  of  the  shaft. 

TABLE  IV. 

Estimate  of  Weight  of  75-FT.  Steel  Head  Frame,  Tonopah-Belmont  Mining  Co. 


Member. 


Weight  in  Lb. 
Main  Members. 


Details. 


.  I      Total  Weight, 
Lb. 


I         Details  m 

Per  Cent  d 

Main  Membe 


Back  braces .  . 
Front  posts .  .  . 

Girders 

Diaphragms.  . 

Channels 

Angle  struts .  . 
Channel  struts 

Stringers 

Angle  bracing. 
Steel  girders .  . 

Total 


9,170 
3»590 
5,446 
2,936 
1,790 
2,627 
3,263 
1,466 
8,065 
6,673 


4,150 
2,790 
1,250 
2,582 
440 
1,015 

2,179 
613 

2,279 
414 


13,320 
6,380 
6,696 
5.518 
2,230 
3,642 
5,442 
2,079 

10,344 
7,087 


43 
77 
23 
82 

25 

67 

43 

28 

6 


45,026 


17.712 


62,738 
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The  sheave  wheels  are  of  the  bicycle  pattern  with  a  diameter  of  84  in.  at  the  center  of 
Tope  groove,  and  an  over  all  diameter  of  91  in.  Each  wheel  has  16  spokes  of  ij  in.  rolled 
rods.  The  spokes  are  cast  at  their  inner  ends  into  two  rings  16  in.  in  diameter  and  3  in.  « 
so  that  they  form  integral  parts  of  the  hub,  which  is  12  in.  in  diameter  and  16  in.  long,  while 
outer  ends  are  cast  into  bosses  on  the  inside  of  the  ring.  The  rolled  steel  shafts  are  16  ii 
diameter  at  the  central  portion  with  bearings  5  in.  in  diameter,  and  are  12  in.  long.  The : 
grooves  are  turned  in  hard  maple  blocks  fastened  in  a  recess  in  the  rim.  The  total  weigh 
the  sheaves  is  2,950  lb.  each. 
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The  head  frame  is  designed  so  as  to  give  a  factor  of  safety  of  8  when  there  is  on  each  sb 
a  load  of  100,000  lb.  The  head  frame  is  sufficiently  strong  and  rigid  to  permit  of  hoistiiigi 
of  7  tons  from  a  depth  of  2,000  ft.  at  a  speed  of  1,000  ft.  per  minute  without  appreciable  vibn 
during  the  most  severe  period  of  starting  and  acceleration. 


TABLE  V. 
Data  on  Steel  Head  Frames. 


16 


Deecriptioti. 


Sibley  Mine,  Ely,  Minn- 


High  Ore,  Butte,  Mont., 
Diamond,  Butte,  Moai*. 
New  LffiODardp  Butte, 
Mont. 


InUnd  Steel  Co,,  Hibbing, 

Minn, ...,...,. 

Elkton.  Elkton,  Cob 


Qa.  Mioera  de  Penolei, 

Bermejillo,  Mei.. 

Tonopah-Bclmont,   Tono- 

pah,   Nev. ........... 

Copper  Queen,  Bis  bee, 

Ariz 

Union  Shaft  .Virginia,  Nev. 
Speculator,  Buuc,  Mont.. 
Basin  &  Bay  State,  Basin, 

Mont,. 

Steward,  Butte,  Mont. . . , 
Anaconda,  Eutte^  Mont.  . 
Qyinc>'  Rock  House,  No. 

2,  Hancock,  Mich.. .... 


St.  Lawrence,  Bt3  ttc^Mont . 


72/6 

(de^ 

signed 

for 

2,00D) 
1,800 
2,BOO' 

1*679 

signed 
for 

22s 


1^000 

1,420 

1*700 
-\ooo 


3,400 

6,ODO 

(in- 
clined 
57^) 

2.100 


140-0 


too-o 
100-0 

140^-0 


76-0 
5S-0 


90-0 
7S"0 

6CM3 

SO-0 
SO-0 

70-0 

S8-8 
119-3 


97-0 


10-0 
10-0 


6-0 


7-P 

7-0 

7^ 
7-0 
7-0; 


1  j    I  Skips 


7Xi 

7Xi 

li 


3iXi 


I 
ti 

7X1 


10-0 
7-0  .  , .  . , 

I0H5   7X4 


tz-o 


li 


ich-o  7X4 


II 


Weiabt  ol 


Skips 
Skipa 

Sktp« 


Sktpi 


Skips 


Skips 
Cagies 
Skips 

Skips 
Skips 
Skips 

Skip* 


Skips 


SIdp. 
Lb. 


Cm, 


^3 


ls:i  i^ 


S,ooo  3,500,  i4,C3O0 


7,poo 
7,000 

7pSoo 


3*700 


Siooo 


S,990 


7,000 
10,000 

7h00o 


14.000 
14,000 


6,700 

15,200 
work- 
ing 
load 


, .  10,000 


1  3,700 

1^300     2400 


,  .  .  1 10,000 

...|i4,ooo 
cu.  ft. 


14,000 


Rate  qC 


Ft. 
per 


2,000 


1,000 

1,000 

a,eco 


Tau 
Day 


St 


1,^00 

,2C0 


I,COO 


1,000 


zpoo 
Soo 


....  ^ 
1,000 1,200  ; 

1,400  8j 


1,000  i,;c3oii 


The  head  frame  was  built  by  the  Kokcn  Iron  Works.  St.  Louis,  Mo.,  was  made  of  stn 
steel  furnished  under  standard  specifications,  and  was  fully  riveted  up  in  place  with  pnei 
hammers.     The  shipping  weight  of  the  structural  steel  was  63,000  lb. 

The  hoist  is  placed  100  ft.  from  the  shaft,  and  is  a  Wcllman-Seaver-Morgan  doubk 
electric  hoist  with  drums  having  64  in.  diameter  and  a  face  36  in.  wide  between  flanges, 
hoist  is  designed  to  operate  in  or  out  of  balance  and  is  capable  of  handling  a  load  of  I2,( 
at  a  speed  of  i.ooo  ft.  per  minute.  The  hoisting  rope  is  a  six  strand,  nineteen  wire,  plo^ 
rope,  I  in.  in  diameter,  that  weighs  1.58  lb.  per  ft.,  and  each  rope  is  1,700  ft.  long.     The  dii 
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of  the  drum  at  the  hoist  is  64  in.,  but  the  rope  winds  twice  around  the  drum,  so  that  the 
is  66  in.  near  the  end  of  the  lift.     With  proper  allowance  for  bending  stresses  the  working  lUM 
under  the  most  severe  conditions  do  not  exceed  the  working  load  of  7.6  tons  as  given  by  the — 
facturers  of  the  wire  rope. 

Estimate  of  Weight  of  a  Steel  Head  Frame.— A  summary  of  a  detailed  estimate ciibtJil 
steel  head  frame  built  by  the  American  Bridge  Company  at  Tonopah,  Nev.,  is  (given  in  Tabkl 
The  details  are  39.4  per  cent  of  the  weight  of  the  main  members.    The  rivet  heads  are  4.1  perori   [| 
of  the  weight  of  the  structure. 

For  additional  examples  of  steel  head  frames,  see  the  author's  "The  Deagn  of  MiaeSM 
tures." 

COAL  TIPPLES. — The  design  of  a  coal  tipple  depends  upon  the  quality  of  the  ooal, 
whether  the  coal  is  hoisted  from  the  shaft  or  is  taken  from  a  drift  or  tunnel,  and  upon  the 
that  it  is  necessary  to  do  in  order  to  prepare  the  coal  for  the  market.    The  coal  tipple  for  a 
nous  mine  in  which  the  coal  is  hoisted  from  a  shaft,  consists  of  a  head  frame  and  a  shaker 
or  tipple  proper  where  the  coal  is  weighed  and  screened.     A  coal  tipple  for  an  anthracite 
ordinarily  consists  of  a  head  frame  with  storage  bins  into  which  the  coal  is  run  without 
or  screening;  the  coal  being  prepared  for  market  in  a  separate  breaker  building.     Where 
coal  is  dirty  or  contains  a  large  amount  of  refuse  material  it  is  sometimes  cleaned  in  a 
building,  or  is  broken,  sized  and  cleaned  in  a  coal  breaker. 

With  a  double  compartment  shaft  the  shaking  structure,  or  tipple  proper,  is  usually  phflBi 
with  its  axis  at  right  angles  to  the  center  line  of  the  two  compartments.  The  hoisting  tofA 
may  be  either  parallel  to  the  axis  of  the  tipple,  in  which  case  the  head  sheaves  are  paraBd; 
may  be  placed  at  right  angles  to  the  axis  of  the  tipple,  in  which  case  the  sheaves  are  placed  i 
tandem.  The  coal  may  be  run  through  rotary  screens,  or  over  shaking  screens  as  is  now  ^ 
common  practice.  Shaking  screens  are  usually  divided  into  sections  and  are  driven  by  eccentnii 
placed  180  degrees  apart.  The  shaking  screens  do  not  ordinarily  weigh  more  than  two  tottae 
tons  empty  or  four  to  six  tons  when  loaded,  but  are  driven  with  a  velocity  of  100  to  150  stroto 
per  minute,  with  a  length  of  stroke  of  from  4  to  12  in.  and  the  shaking  motion  makes  it  nccesaiy 
to  design  the  shaker  structure  with  great  care  in  order  to  reduce  the  vibration.  The  best  modefi 
practice  in  the  design  of  coal  tipples  is  to  make  the  head  frame  and  the  tipple,  or  shaker  structint 
entirely  separate  and  independent  units. 

Sizing  Coal. — The  object  in  sizing  coal  is  to  separate  the  dirt  and  slack  from  the  coal,  ui 
to  obtain  a  product  that  can  be  burned  more  advantageously  than  unsized  coal.  A  compart 
coal  will  not  admit  the  air  and  will  burn  on  the  surface,  and  it  is  therefore  an  advantage  to  have 
the  lumps  of  approximately  equal  size.  The  sizes  and  names  of  the  different  grades  of  coal  difa 
considerably  in  dififerent  localities. 

Types  of  Coal  Tipples. — Coal  tipples  may  be  classed  under  three  types,  depending  upon  tie 
manner  in  which  the  coal  is  brought  to  the  tipple;  (i)  hoisting  in  cages  or  skips  from  vertical* 
slightly  inclined  shafts;  (2)  cage  hoisting  on  an  incline  either  from  a  shaft,  or  on  a  bridge,  orfromt 
tunnel;  (3)  conveyor  hoisting  either  from  the  mine  or  from  a  head  bin  into  which  the  coal  to 
been  dumped  from  cars  or  skips. 

The  design  and  operation  of  coal  tipples  will  be  illustrated  by  describing  three  stcd  c» 
tipples,  (i)  Steel  Coal  Tipple  for  the  W.  P.  Rend  Coal  Company — vertical  hoisting  with  » 
dumping  cages  and  shaking  screens;  (2)  Spring  Valley  No.  5  Steel  Coal  Tipple — vertical  hoisoU 
in  cages,  with  Ramsey  transfer  and  shaking  screens;  and  (3)  Phillip's  Coal  Tipple— vertk* 
hoisting  with  self  dumping  cages  dumping  into  a  storage  bin. 

Steel  Coal  Tipple  for  W.  P.  Rend  Coal  Company.— The  steel  coal  tipple  for  the  W.  P.  ^ 
Coal  Company,  Rendville,  111.,  has  the  head  frame  covering  four  tracks,  with  provision  for  fo^ 
extra  tracks  on  the  opposite  side  of  the  center  line  of  the  head  frame.     The  steel  head  frame 
79  ft.  6  in.  from  the  collar  of  the  shaft  to  the  center  of  the  sheaves.    The  sheaves  are  8  ft 
diameter  and  carry  a  i|  in.  hoisting  cable. 


TIPPLE   FOR   W.   R   REND   COAL  COMPANY. 
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(Iff  Coal  Tippia^ — Detail  plans  of  the  shaking  screens  and  tipple  equipment  are 
12.     The  coal  is  raised  from  the  mine  in  ^elf  dumping  cages  and  is  dumped  into  two 
jHrrs  having  a  capacity  of  four  tons  each-     From  the  weigh  hoppers  the  coal  passes 
lunp  chute,  and  may  be  run  directly  into  cars  on  the  track  or  may  be  run  over  shaking 
first  section  of  the  shaking  screens  is  2g  ft.  9  in*  long,  the  top  deck,  having  a  length  ( 
I  in.  DJund  perforations;  the  middle,  having  a  length  of  18  ft.,  has  2  in.  round  perfora*  I 
turn  plate  being  solid.     The  upper  deck  of  screens  sloping  toward  the  head  frame.! 
ions  3}  in.  to  2  in.  round;  the  second  deck  has  perforations  3}  in.  to  3  in.  round;  the 
j  deck  has  perforations  {  in.  rounds  the  bottom  deck  being  solid.     The  coal  passing 
In,  and  ^J  in.  round  perforations  of  the  main  s*  reen  may  be  run  back  over  the  shaking  , 
i  de*cril*ec!,  or  may  be  run  over  the  second  shaking  screen  27  ft.  4  in.  long  and  8  ft,  wide. ' 
kg  screen  has  a  length  of  8  ft,  with  perforations  6  in.  in  diameter.     By  making  different 
US  of  the  screens  different  grades  of  coal  can  be  obtained,  as  is  shown  in  Fig.  12,     The 
fcens  are  carried  on  rollers  12  in.  in  diameter,  which  are  operated  by  eccentric  connecting 
I  12  in.  stroke.     These  rollers  give  the  shaking  screens  a  motion  in  two  directions  and 
more  satisfactory  results  than  the  earlier  mt-thod  of  suspending  the  shaking  screens 
lead  supports.     The  capacity  of  the  tipple  is  2,500  tons  in  eight  hour^. 
Ipple  was  designed  and  constructed  by  the  Wisconsin  Bridge  &  Iron  Company,  and 
Equipment  was  furnished  by  the  Link- Belt  Company, 

Coal  Tipple  at  Spring  Valley  Shaft  No.  5. — The  steel  coal  tipple  constructed  at  Spring 
ft  No.  5,  Spring  Valley,  Illinois,  is  one  of  the  Liest  examples  of  steel  tipple  construction 
mines.  The  steel  tipple  building  is  187  ft.  long.  36  ft.  wide  and  35  ft.  from  the 
le  level  part  of  the  main  tipple  floor.  The  steel  head  frame  is  75  ft.  and  85  ft. 
k  level  to  the  centers  of  the  sheaves,  respectively.     The  sheaves  are  10  ft.  in 
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diameter  and  are  placed  tandem  with  the  hoisting  rope,  and  at  right  angles  to  the  axis  d  tke 
main  tipple  building.  The  hoisting  rope  is  crucible  steel  i|  in.  in  diameter.  The  steel  tipjie 
building  and  head  frame  are  covered  with  No.  i8  galvanized  corrugated  steel  carried  on  rted 
purlins.  Detail  plans  of  the  tipple  structure  are  given  in  Fig.  13  and  of  the  head  frame  in  Fig.  14. 
The  head  frame  and  tipple  building  are  fully  braced  and  make  a  very  rigid  structure.  The  mni 
track  floor  of  the  tipple  is  level  over  the  first  five  panels  on  the  left  of  the  structure,  the  remainder 
of  the  floor  having  a  pitch  of  4  in.  in  17  ft.  The  tipple  floor  is  covered  with  4  in.  planking  spikd 
to  4  in.  nailing  strips  which  are  carried  on  I-beam  joists.  The  weight  of  the  structural  itcd, 
including  the  corrugated  steel  but  not  including  tipple  equipment,  was  415,530  lb. 


^^jW^^^^ 


Fig.  15.    Plan  of  Tipple  Tracks,  Spring  Valley  No.  5  Coal  Tipple. 

Operation  of  Tipple. — ^The  detail  track  plan  is  shown  in  Fig.  15;  the  operation  of  the  Ramcf 
transfer  is  shown  in  Fig.  16,  and  the  arrangement  of  the  shaking  bar  screens  is  shown  in  Fig.  I7> 
Two  coal  cars  containing  i  \  tons  each  are  hoisted  on  the  shaft  cage.  The  loaded  cars  are  pushed 
off  the  cage  and  two  empty  cars  arc  pushed  on  the  cage  by  means  of  a  steam  pusher,  as  shown  i> 
Fig.  16.  From  the  cage  platform  the  loaded  cars  run  by  gravity  on  a  i)  per  cent  grade  to  the 
•dumps,  where  the  coal  is  dumped  by  Phillips  automatic  tipples  or  dumps.  After  dumping,  the 
■cars  pass  to  the  right  by  gravity  on  the  10  per  cent  descending  grade  and  are  stopped  by  a  2  per 
-cent  ascending  grade  and  a  short  piece  of  track.  The  cars  then  return  by  gravity,  and  may  either 
be  switched  to  the  outside  tracks  or  run  back  on  the  transfer  tracks.  The  empty  cars  are  run  01 
the  platform  of  the  Ramsey  transfer  and  are  raist»d  by  a  steam  cylinder  a  height  of  4  ft.  7  in.  to 
the  level  of  the  floor  of  the  shaft  cage,  and  arc  ready  to  l)e  shoved  on  the  cage  by  the  steam  pusher. 

The  coal  is  dumped  by  the  Phillips  tipple  dumps  into  one  of  two  weigh  hoppers  5  ft.  wide, 
as  shown  in  Fig.  17.  After  the  coal  is  weighed  it  runs  out  of  the  weigh  hopper  on  a  converging 
chute  having  a  slope  of  30  degrees  with  the  horizontal.  From  the  converging  chute  the  coal 
runs  over  shaking  bar  screens  6  ft.  6  in.  wide,  the  bars  being  placed  1  in.  apart.  The  fine  coal 
passing  through  this  screen  runs  over  a  5  in.  shaking  bar  screen  and  is  chuted  into  the  cars.  The 
slack  passing  through  the  J  in.  bar  screen  is  run  directly  into  the  cars.  From  the  J  in.  shakinf; 
bar  screen  the  lump  coal  passes  through  a  converging  chute  and  over  a  bar  screen  5  ft.  6  in.  wide 
with  the  bars  spaced  5  in.  apart,  from  which  the  lump  coal  is  run  into  cars.  It  will  be  noted  that 
five  grades  of  coal  are  obtained:  mine  run  coal;  lump  coal  passing  over  the  5  in.  screen;  coal  passing 
the  5  in.  screen  and  retained  on  a  }  in.  screen;  nut  coal  passing  a  \  in.  screen  and  retained  on  a  i  in- 
screen,  and  slack. 

The  capacity  of  the  coal  tipple  is  from  1,800  to  2,ocx)  tons  per  day.  The  tipple  was  designed 
by  Mr.  \V.  Morava,  Consulting  Engineer,  Chicago,  III.,  and  was  built  by  the  American  Bridge 
Company  in  1900. 

Steel  Coal  Tipple  for  the  Phillips  Mine. — The  steel  coal  tipple  at  the  Phillips  mine  of  the 
H.  C.  Frick  Coke  Company  is  an  excellent  example  of  a  modern  coal  tipple  for  handling  bituminous 
coal.     Detail  plans  of  the  coal  tipple  are  shown  in  Fig.  18.     The  steel  head  frame  is  of  the  4-posl 
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type,  and  is  107  ft.  from  the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The  main  to 
the  head  frame  has  six  posts  made  of  4  Z's  3  in.  X  2  H  in.  X  }  in.  with  one  plate  6  in.  X  |  ia 
back  braces  consist  of  three  columns  having  the  same  section  as  the  main  posts.  The  head 
is  fully  cross-braced  with  angle  struts,  as  shown  in  Fig.  22,  The  batter  of  the  main  tower  a 
is  I  in.  in  12  in.,  while  the  back  brace  makes  an  angle  of  30  degrees  with  the  vertical.  Thet 
are  10  ft.  in  diameter  and  are  supported  on  I-beams,  resting  at  the  end  nearest  the  engine 
on  a  built-up  frame  of  angles  and  plates  carried  on  two  15  in.  I-beams,  so  as  to  make  the  net 
clearance  for  the  sheaves.  The  roof  trusses  above  the  sheaves  carry  two  I-beams,  on  thi 
flanges  of  which  are  trolleys  arranged  for  the  attachment  of  chain  blocks  for  placing  a 
placing  the  sheaves.  The  shipping  weight  of  structural  steel,  including  the  corrugated  ste 
569,500  lb. 

TABLE  VI. 
Data  on  Steel  Coal  Tipples. 
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The  coal  is  hoisted  in  self-dumping  cages  which  dump  the  coal  into  distributing  chi 
which  it  runs  by  gravity  to  the  bins  having  a  capacity  of  800  tons.  The  coal,  being  all  u 
making  coke,  is  not  screened  or  weighed. 

The  storage  bins  are  built  with  a  steel  framework  and  are  lined  with  J  in.  buckle  pi; 
the  sides,  and  have  a  |  in.  plate  floor.  The  sides  are  supported  by  the  15  in.  I-beams  @ 
spaced  3  ft.  5J  in.  center  to  center.  The  inclined  bottom  framing  consists  of  girders  ha 
in.  X  i  in.  web  plates  and  flanges  composed  of  two  angles  6  in.  X  6  in.  X  A  "*•»  and  are  tied  t 
with  ties  consisting  of  two  angles  8  in.  X  8  in.  X  }  in.  and  one  plate  17  in.  X  i  in.  at  the  I 
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» in.  I-beams  @  42  lb.  at  the  top,  the  girders  being  spaced  3  ft.  si  in*  center  to  center.     The 

|etdc  girders  are  coraposed  uf  two  I-beamb  15  in.  @  42  lb.,  and  one  channel  15  in.  @  35  lb. 

1  in.  plate  floor  is  carried  on  12  in.  1-beanis  spaced  about  i  ft.  6  in.  centers.     The  siccl  plate 

!  placed  at  a  slope  of  8  in.  in  12  in.,  and  it  is  stated  that  95  per  cent  of  the  coal  can  be  with- 

from  the  bin.     The  bins  dischai^ge  through  vertical  gates  in  the  sides  into  motor-driven 

,  which  run  to  the  coke  ovens.     The  vertical  gates  are  raised  by  rack  and  pinion  and  cliain 

^ata  on  ten  steel  coal  tippler  are  given  in  Table  VI.     For  additional  examples  and  data  on^ 
1  tipples,  see  the  author's  "The  Design  of  Mine  Structures/* 

JIFICATIONS  FOR  STEEL   HEAD   FRAMES  AND   COAL  TIPPLES,   WASHERS 

AND    BREAKERS.* 

PART   11. 


MILO  S.   KETCHUM, 
M.  Am.  Soc.  C.  E. 


1913 

GENER.\L    DESCRIPTION. 

foB,  Types  of  Structure. — ^Thc  structure  shall  be  of  a  type  that  will  give  maximum  rigidity 
Irength,     The  structure  shall  be  of  a  type  in  which  the  stresses  can  be  calculated  either  by 
r  by  taking  into  account  the  deformations  of  the  members. 
Bnicing.^.\ll  bracing  shall  be  stifft  and  shall  be  riveted  together  at  all  intersections  to  \ 
imum  rigidity. 
Proposals.— -Contractors  in  submitting  proposals  shall  furnish  complete  stress  sheets*  I 
'  if  the  propt:>sed  structures,  giving  sizes  of  materiaU  and  such  detail  plans  as  will 

^'  dimensions  of  the  parts,  modes  of  construction  and  sectional  areas. 
J^uiil  Plans. — The  successful  contractor  shall  furnish  all  working  drawings  required 
;  engineer  free  of  cost.     Working  drawings  w*ill,  as  far  as  possible,  tx?  made  on  standard 
tB  24  in.  X  j6  in.  out  to  out,  22  in.   X  34  in,  inside  the  inner  border  lines. 
Approval  01  Plans. — No  work  shall  be  commenced  or  materials  ordered  until  the  working 
sane  approved  in  writing  bv  the  engineer.     The  contractor  shall  be  responsible  for  dimen- 
1  detahs  on  the  working  plans,  and  the  approval  of  the  detail  plans  by  the  engineer  will  ^ 
[  the  contractor  of  this  responsibility. 

Loads. 

The  structures  shall  be  designed  to  carry  the  following  loads  without  exceeding  the  | 

unit  stresses. 
lead  Loads.^ — The  dead  loads  shall  consist  of  the  weight  of  the  head  sheaves,  sheaves, 
id  girders,  the  weight  of  the  structure,  and  all  concentrated  machinery  and  equipment  | 

Working  Loads.— The  working  loads  on  head  frames  for  vertical  shafts  shall  be  taken 
to 

K  =  2W'\^  R^(W -^  R)f  (I) 

F  =  the*  vvrtfking  stress  in  lb.  at  the  head  sheave  at  the  instant  of  picking  up  the  load: 
of  the  cage  or  skip  and  the  load  of  ore  or  coa!  in  lb.;    R  —  the  w^eight  of  the 
^heaves  to  the  bottom  of  the  shaft  in  lb.;  and/  =»  coeflTicient  of  friction  of  the 
eaves,  which  may  l>e  taken  at  o.oi  to  0.02  for  vertical  shafts  and  0.02  to  0.04  for 
1th  ropes  supported  on  rollers. 
^Inclined  shafts  the  working  load  shall  be  taken  as 

K*  *  (2H'  +  R)  sin  ^-f  f{W  ^/?)  coa  0  {2) 

|i  »  the  angle  of  inclination  of  the  shaft  with  the  horizontal. 

i«  for  Steel  Mine  Structures  as  printed  in  the  author's  "The  Design  of 
!  1  is  "Specifications  for  Steel  Frame  Buildings"  as  printed  in  Chapter  I. 
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267.  Breaking  Load. — ^Thc  head  frame  shall  be  designed  for  a  load  in  one  or  all  <tf  the 
ropes  equal  to  the  breaking  stress  of  the  hoisting  rope  as  given  in  the  manufacturer's  catalog 

208.  Machinery  Loads. — ^The  stresses  due  to  machinery,  cru^ers,  tipple  equipment,  1 
shall  be  considered  the  same  as  the  stresses  due  the  working  or  live  load. 

209.  Wind  Loads. — ^Where  the  head  frame  or  tipple  is  enclosed  the  wind  load  shall  be  asm 
as  30  lb.  per  sq.  ft.  of  exposed  surface  acting  horizontally.  Where  the  framework  is  mi 
wind  load  shall  oe  taken  as  50  lb.  per  sq.  ft.  acting  on  the  projection  of  the  members  of  the  k 
frame  or  tipple.  In  calculating  the  stresses  due  to  wind,  the  wind  loads  may  be  assumed 
applied  at  the  joints  of  the  structure.  Where  one  side  of  the  structure  is  open  so  that  a  deep 
or  pocket  is  formed  the  wind  load  shall  be  taken  as  not  less  than  60  lb.  per  sq.  ft.  on  the 
of  the  cup-like  surface. 

210.  Snow  Loads. — Snow  loads  shall  be  taken  the  same  as  for  steel  frame  buildings. 

Allowable  Unit  Stresses. 

211.  Steel  head  frames,  coal  tipples,  coal  washers  and  breakers,  and  similar  structures 
be  designed  for  the  following  allowable  stresses. 

212.  Dead  Load  Stresse8.-^The  allowable  unit  stresses  for  dead  loads  shall  be  the  sai 
for  steel  frame  buildings  given  in  "Specifications  for  Steel  Frame  Buildings."  Snow  loadi 
be  considered  as  dead  loads.  j^ 

213.  Working  Load  Stresses. — ^The  allowable  unit  stresses  for  working  loads  shall  be  oofrli 
the  allowable  unit  stresses  for  dead  load  stresses  as  given  in  "Specifications  for  Steel  Fa 
Buildings."  , 

214.  Bins. — Bins  shall  be  designed  for  two  thirds  the  allowable  unit  stresses  for  deadn 
stresses  as  given  in  **Sp)ecifications  for  Steel  Frame  Buildings."  ; 

215.  Breaking  Load  Stresses. — The  allowable  unit  stresses  for  the  maximum  streasei^ 
to  breaking  one  or  all  the  hoisting  ropes  shall  be  equal  to  the  allowable  unit  stresses  for  dead krf 
stresses,  plus  50  per  cent,  equal  to  three  times  the  allowable  unit  stresses  for  working  loads.  Tk 
breaking  loads  and  working  loads  for  any  shaft  compartment  or  machine  need  not  be  dasam 
as  acting  together. 

216.  Machinery  Load  Stresses. — The  allowable  unit  stresses  for  the  maximum  streneiil* 
to  machinery  and  moving  loads  shall  be  the  same  as  the  allowable  unit  stresses  for  working  kA 
equal  to  one  half  the  allowable  unit  stresses  for  dead  load  stresses. 

217.  Wind  Load  Stresses. — ^The  allowable  unit  stresses  when  the  wind  load  stress  iia» 
bined  with  the  dead  load  stress  plus  twice  the  working  load  and  machinery  load  stresses  shall K 
exceed  the  allowable  unit  stresses  for  dead  loads  by  more  than  25  per  cent.  If  the  sum  of  Aj 
wind  load  unit  stress,  the  dead  load  unit  stress,  and  twice  the  workmg  load  and  machinery  W 
unit  stresses  exceed  the  allowable  unit  stress  for  dead  loads  by  more  than  25  per  cent  the  ansa 
the  section  shall  he  increased  to  reduce  the  actual  stresses  to  within  the  prescribed  limit,  w 
load  stresses  need  not  be  combined  with  breaking  load  stresses. 

218.  Reversal  of  Stress. — Memln^rs  subject  to  a  reversal  of  stress  due  to  a  combinati«« 
dead  load  stresses  and  working:  load  stresses  shall  be  designed  to  take  both  tension  and  c* 
pression,  each  stress  being  increastnl  by  one  half  the  smaller  of  the  two  stresses.  Members  subjtf 
to  a  reversal  of  stress  due  to  wind  stress  combined  with  dead  load  stresses  and  working  Io» 
stresses,  or  breaking  load  stresses  combined  with  dead  load  stresses  shall  be  designed  to  csn? 
both  stresses. 

Equipment. 

219.  Skips  and  Cages. — Skips  and  cages  shall  be  made  of  structural  steel,  as  shown ooAj 
detail  drawings.  They  shall  be  provided  with  guide  shoes  and  safety  devices.  For  indii» 
shafts  the  wheels  shall  have  phosphor  bronze  bushings. 

220.  Safety  Detaching  Hooks. — All  skips  and  cages  shall  be  provided  with  effective  detachfll 
hooks.  The  case  shall  be  designed  to  take  the  stress  due  to  a  loaded  cage  or  skip  dropping* 
vertical  distance  of  two  fc-et. 

221.  Bin  Gates.— Unless  otherwise  specified  all  bin  gates  shall  be  of  the  undercut  typt 
All  gates  shall  be  ecjuipped  with  operating  mechanism  so  that  they  can  be  opened  in  service  tf 
one  man. 

222.  Screens. — Fixed  screens  shall  be  made  of  bars  as  shown  on  the  drawings  and  shaDK 
supported  so  that  the  bars  will  not  Idc  permanently  deflected  under  the  load.  The  screen  ban 
shall  be  placed  at  an  angle  so  that  they  will  screen  the  ore  or  coal  without  choking  up. 

223.  Shaking  screens  shall  be  carried  on  rollers  and  be  driven  by  eccentric  connecting  bai* 
They  shall  be  placed  at  projxir  slopes,  and  shall  be  provided  with  all  necessary  gates.  Unk* 
otherwise  specified  the  screens  shall  be  made  of  structural  steel. 

224.  Rotary  screens  shall  be  made  of  structural  and  machinery  steel,  and  shall  perform  tw 
work  required  by  the  sp)ecifications. 
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,    Coal  Tipples  or  Dtunps, — Coal  tipples  or  clumps  shall  be  provided  as  shown  on  the  detail 
called  for  in  the  specifications. 
326.  Dumping  Devices. — Where  sc  If -dumping  ^Idps  or  cages  are  used  an  efficient  and  satis- 
'  dumping  device  shall  be  provided. 

Head  Sheaves-^The  head  sheaves  shall  be  substantial  with  the  top  flanges  turned 

UiTMl  true  to  receive  the  hoisting  rooe.     The  sheave  wheel  shaft  shall  be  of  the  best  grade 

'  v\  of  ample  strength,  carefully  and  truly  made.     The  sheave  boxes  shall  be  lined 

i  ility  of  anti'friction  mt-tai  and  shall  1>l*  adjustable  to  take  up  the  wear.     Unless 

>j» .  iiiL-d  the  sheave  wheels  shall  have  wrought  iron  sp*jkes» 

Ijinding  Stage. — An  efficient  landing  device  shall  be  furnished. 

Details  op  Consteuction* 

otherwise  provided  for  the  details  of  construction  are  to  be  the  same  as  fo^ 
igs. 
_  u — In  designing  head  frames,  coal  tipples,  coal  washers  and  breakers  and  similar 
ictures  care  shall  be  used  to  strongly  brace  the  different  parts  of  the  structure  in  order  that  k 

I:  rigid.  Preference  shall  be  given  to  typ>es  of  structures  that  are  statically  determinate. 
|-p«3st  head  frames  and  other  statically  indeterminate  structures  are  used  the  stresses  shall 
itated  by  taking  account  of  the  deformation  and  distortions  of  the  members.*  AH  bracing 
made  of  stiff  members:  the  use  of  nxls  or  bars  will  not  Ix?  permitted,  except  for  sag  rods 
^ors.  It  is  ver>'  important  that  head  frames,  coal  tipples,  coal  washers  and  breakers  and 
structures  be  made  very  rigid. 
I.  Lengths  of  Compression  Members. — The  length  of  compression  members  in  Head 
and  shaker  structures  shall  not  exceed  loo  times  the  least  radius  of  gyration  for  main 
^bers  nor  140  times  the  least  radius  of  gyration  for  secondary  bracing. 

Lengths  of  Tension  Members. — The  length  of  tension  memljers  in  head  frames  shall 
150  times  the  least  radius  of  g\Tation  for  main  members,  nor  200  times  the  least  radius 
I  for  secondary  bracing.     The  length  of  a  tension  member  is  to  be  taken  as  the  distance 
>  center  of  end  connections. 

Splices. — All  splices  in  main  members  shall  be  designed  to  carry  the  full  strength  of 
aber. 

Reaming.^ — ^The  rivet  hole^  for  all  field  splices  shall  be  punched  to  a  diameter  -f^  in.  less 

^■inished  hole  and  shall  be  reamed  to  the  required  size  with  the  memben*  bolted  in  place 

I  templet.     All  metal  more  than  i  in.  thick  shall  be  punched  and  reamed,  or  be  drilled 

255,  Minimum  Thickness  of  Metal. — ^The  minimum  thickness  of  metal  in  plates  and  sections 
Ibe  A  in,  ex€!cpt  for  fillers. 

Erection.- — All  field  connections  shall  be  riveted.     Before  the  riveting  is  begun  all  field 
Sons  shall  be  fully  drawn  up  with  field  b<jfts,  in  not  less  than  one-half  the  holes  of  each 

Materials  and  Workmanship.^ All  materials  and  workmanship  shall  comply  with  the 
rion*^  for  Steel  Frame  Buildings  unless  otherwise  specified. 
Painting. — All  stotM  work  shall  receive  one  coat  of  satisfactory  graphite  or  carbon  paint 
Before  erecting  all  abraded  spots  shall  be  touched  up,  and  all  rivet  heads  shall  be 
i  soon  as  accepted  by  the  inspector.     After  the  erection  is  complete  all  stmctural  steel 
^  be  gixTn  twc5  coats  of  satisfactory  graphite  or  carbon  paint.     The  three  ccxits  of  paint 
"ferent  colors. 
£NCES. — For  additional  data  for  the  design  of  head  frames,  rock  houses,  coal  tipples 
structures,  and  for  numerous  examples  of  structures,  see  the  author's  **  The 
Structures/*     This  book  gives  the  calculation  of  stresses  in  head  frames,  and  also 
f^itin  of  the  details  of  design  of  mine  structures,  including  specifications,  methods 
Jon  and  costs. 

•  the  calculatbn  of  the  stresses  in  mine  structures,  see  the  author's  **The  Design  of  Mine 
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CHAPTER  XL 

FEEL  StAND-PiPES  AND  ELEVATED  TaNKS  ON  ToWERS. 

'R    DESIGN. — The  following  data  will  be  of  assistance  in  the  design  of  steel 
elevated  tanks  on  towers.    For  definitions  of  stand-pipes  and  elevated  towers 
e  specifications  in  the  latter  part  of  this  chapter. 

stance  in  ft.  of  any  point  below  the  top  of  the  stand-pipe  or  elevated  tank; 

ameter  of  the  stand-pipe  or  elevated  tank  in  feet; 

dius  of  the  stand-pipe  or  elevated  tank  in  feet; 

ickness  of  the  shell  in  inches  at  any  given  point; 

^drostatic  pressure  in  lb.  per  sq.  in.  at  any  point  =»  0.434A; 

ress  per  vertical  lineal  inch  of  stand-pipe; 

lit  stress  in  lb.  per  sq.  in.  in  vertical  section  of  stand-pipe; 

ress  per  horizontal  lineal  inch  of  stand-pipe; 

lit  stress  in  lb.  per  sq.  in.  in  horizontal  section  of  stand-pipe; 

ress  per  lineal  inch  along  a  circumferential  line,  due  to  wind; 

lit  stress  in  lb.  per  sq.  in.  in  circumferential  line,  due  to  wind. 

3r  Stresses  in  Stand-Pipes. — ^The  stress  per  lineal  vertical  inch  of  stand-pipe  is 

^-r#n -'•«•■'  <■) 

per  sq.  in.  is 

s  =  2.6h'd/t  (2) 

per  horizontal  lineal  inch  of  stand-pipe  due  to  the  weight  of  stand-pipe  W,  is 

5'  =  WKi2T'd)  =  o.026W/d  (3) 

per  sq.  in.  is 

y  =  o.026WKd't)  (4) 

•y  conditions  the  wind  pressure  is  taken  at  30  lb.  per  sq.  ft.  acting  on  two-thirds 
r  20  lb.  per  sq.  ft.  on  the  entire  surface;  while  for  exposed  positions  the  wind  pressure 
taken  as  high  as  45  lb.  per  sq.  ft.  acting  on  two-thirds  of  the  surface,  or  30  lb. 
(le  entire  surface.  Recent  Prussian  specifications  require  that  circular  chimneys 
two-thirds  of  25  lb.  per  sq.  ft.  At  30  lb.  per  sq.  ft.  acting  on  two-thirds  of  the 
3er  sq.  ft.)  the  bending  moment  at  any  distance  h  below  the  top,  due  to  wind  is 

M  =-  20  X  d'h  X  h  X  12/2  -  I20d'h*  (5) 

i.-lb. 
n  the  extreme  fiber  of  the  shell  is 

5"  =  M-y/I  (6) 

=  ir{ri*  —  rj*)  =  /-x-r*  (approx. — r  is  in  ft.*  and  /  in  in.)  =/•▼•!*•  12*  (in  in.*). 
I  y  and  /  in  (6) 

//  _  I20d-^*T-I2 
^     "      /XT*. 12* 

=  i.o6hV{t'd)  (7) 
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The  stress  per  lineal  inch  will  be 

5"  -  i.o6k*ld 

If  the  allowable  stress  in  the  net  section  of  the  plate  is  12,000  lb.  per  sq.  in.,  and  e  - 
of  joint,  then  from  (2) 

t  =  2.6A-d/(i2,ooo  X  e) 

where  values  of  e  for  different  conditions  are  given  in  Table  I  la. 

Formulas  for  Stresses  in  Elevated  Steel  Tanks. — ^The  stress  per  lineal  vertical  ind 
is  the  same  as  in  stand-pipes 

5  =  2.6h'd 
and  the  unit  stress  in  vertical  joints  is 

s  =  2M'dlt 

Stresses  on  Radial  Joints. — Spherical  Bottoms. — In  a  hemispherical  bottom  t 
stress  per  sq.  in.,  Ti,  will  be  one-half  the  stresses  in  a  cylinder  of  the  same  radius  and 
internal  pressure. 

Ti  -  2,6h'dl(2t)  -  2.6A.f// 

In  a  segmental  bottom  (6)  Fig.  i,  the  stress  Ti  will  be 

*  2  X  l2T'b't        24TTi'< 

Now  W  =  62.5A-T'6*  =  62.5A-T-ri*-sin*^,  and 

Ty'^^^^^2M^r,lt 
24/ 

which  reduces  to  equation  (10)  for  a  hemispherical  bottom  when  ri  —  r. 


^p'cOfd  Ur-ff--^ 


^hi 


^r. 


(3)  CONICAL  BOTTOM 


W/\ 


3 


(b)  5E6MENTAL  BOTTOM 


Fig.  I. 
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Stresses  on  Radial  Joints.    Conical  Bottoms. — In  a  conical  bottom  the  stress  per  sq.  in. 
t"  will  be  from  (o)  Fig.  i, 

^„       TT'Cscg 


W  -  62.5*.T.ri«, 

-  2.6*Ti-cactf//  (15) 

Stresses  on  Circmnferential  Joints.    Conical  Bottoms. — In  (a)  Fig.  i,  pass  two  horizontal 
through  the  cone  so  that  the  intercept  along  the  cone  will  be  a  unit  in  length.     The  tapered 
cut  away  has  a  pressure  of  p'  lb.  per  lineal  inch.    This  pressure  />'  may  be  resolved  into  a 
re  along  the  element  of  the  cone,  />i  =*  />'  tan  9,  and  a  horizontal  pressure,  />«—/>'  esc  0. 
be  stress  in  circumferential  joint  will  be 

Tt"  «  i2p%'rilt  =  I2p''ri'csceli 

=  12  X  0.434*  Tr  CSC  ^/< 

=  S,2h'ri'cscdli  (16) 

mich  is  twice  the  stresses  in  the  radial  joints. 

Stresses  in  Circmnferential  Joints. — Spherical  Bottoms. — ^The  radial  unit  stress  in  a  hemi- 
herical  bottom  is  given  by  equation  (12).  Now  in  a  segment  of  a  spherical  shell  the  curvature 
^he  same  in  all  directions,  and  the  unit  stress  on  a  circumferential  joint  will  be  the  same  as  on 
radial  joint,  and 

Ti'  -  r,'  -2.6A.r,//  (17) 

Connection  Between  Side  and  Bottom  Plates. — With  a  conical  bottom  the  inclined  pull  per 
iteal  inch  at  the  bottom  of  the  circular  tank  will  be  from  (15) 

r/"  =  2.6h'rc8ce,  (18) 

ia«  compressive  stress  in  the  horizontal  ring  will  be  due  to  the  horizontal  components  of  the 
clined  stresses  and  will  be 

P*  =  Ti"  cos  e-r  X  12 

=  3i.2*T«»cot  e  (19) 

There  are  no  inclined  or  compressive  stresses  in  a  hemispherical  bottom  unless  the  circular 
dl  and  the  hemispherical  bottom  are  joined  by  an  elliptical  segment.  If  the  radius  of  the 
^^ular  tank  divided  by  the  radius  of  the  segment  ~  2,  there  will  be  no  secondary  stresses  (see 
ytrcsKs  in  Tank  Bottoms,"  by  Professor  A.  N.  Talbot,  The  Technograph  No.  16,  p.  139). 

Stresses  in  a  Circular  Girder. — The  circular  girder  supports  the  weight  of  the  tank,  the 
Intents  of  the  tank,  and  its  own  weight.     The  load  is  uniformly  distributed  along  the  girder. 
^«  girder  rests  on  or  is  supported  by  four  or  more  columns,  and  transmits  its  load'to  them. 
Let  IV  s  total  load  on  girder  in  lb. ; 
f  "  radius  of  girder  in  in. ; 
n  s  number  of  posts; 

«  —  2ir/ii  «  angle  at  center  subtended  by  radii  through  two  consecutive  posts; 
a'  «  angle  subtended  at  center  by  any  arc; 
M  «  direct  bending  moment  in  the  girder  at  any  point  in  in.-lb.; 
T  »  torsional  bending  moment  in  girder  at  any  point  in  in.-lb. ; 
S  —  shear  in  girder  at  any  point  in  lb.; 
Pa  »  Pbf  etc.,  —  reactions  of  columns  in  lb. 
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(b) 


(b) 
Fig.  2.    Circular  Girder. 


Now  in  the  author's  "Design  of  Walls,  Bins  and  Grain  Elevators"  it  is  proved  tha 
bending  moment  at  the  supix)rts  is 

Jlf  I  « I cot  -  J 

n     \oL       2        2/ 

and  the  maximum  moment  midway  between  the  posts  is 


JIfj  =  Afr  cos 


Tzr      /                 2sm«-\ 
— 1   sm -^  I 


The  torsional  moment  is  zero  at  the  supports  and  midway  between  the  columns,  aD( 
maximum  at  the  points  of  zero  bending  moment  at  points  between  the  columns. 
The  torsional  moment  is 

,,     .       ,       H^r,                   ,,    ,    Wa'r  (          sina'\ 
Th  =  ifi-sin  a' (i  —  cos  a')  H (  l -r-  1 

Values  of  M  and  T  are  given  in  Table  la. 


TABLE  la. 
Stresses  in  Circular  Girders. 


No.  of 
Posts. 

Load  on 
Post,  Lb. 

Max.  Shear, 
Lb. 

Bending  Moment 
at  Posts.  In-lb. 

Bending  Moment 

Midway  Between 

Posts.  In-lb. 

Angular  Distance 
from  Post  to  Point 
of  Max.  Torsion. 

Max.  Ton 
Moment.] 

\ 

8 
12 

W  ^6 

JF-r-S 

fF-¥  12 

fF-i-     8 
JF-r-  12 
fF  ^  16 
JF  -r  24 

-0.034IS^T 
-O.OI482/FT 
-0.00827/rT 
—  0.003  65//'- r 

-fo.OI762/rT 
+0.00751 /Ft 
-fo.oo4i6l/'T 
-j- 0.00 1 90 /r-f 

19**   12' 
12     44 

9    33 
6    21 

0.0053  * 
0.0015 1  ' 
0.00063  i 
0.000185/ 

Stresses  in  Columns. — The  stresses  in  the  columns  will  be  due  to  the  dead  load  and  t< 
wind  moment.  The  vertical  components  of  the  dead  load  stress  will  be  equal  to  W  di\'ide 
the  number  of  columns,  where  W  is  the  total  weight  of  tank  and  the  water.  To  calculat( 
stresses  due  to  wind  moment  in  the  columns  proceed  as  follows:  Calculate  the  wind  fore 
multiplying  the  exposed  surface  by  the  wind  pressure,  and  assume  the  wind  force  as  acting  thr 
the  center  of  gravity  of  the  exposed  surface.  The  pressure  on  circular  tanks  may  be  take 
two-thirds  of  30  lb.  per  sq.  ft.  of  the  surface  at  right  angles  to  the  direction  of  the  wind, 
calculate  the  stresses  in  the  columns  at  any  point  pass  a  horizontal  section  through  the  colu 
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Tlieii  ihe  maximum  vertical  stress  in  column  i  will  occur  on  the  leeward  side  when 
blowing  in  the  direction  i-i.  If  AT  is  the  wind  moment  abfjut  the  axis  A-B,  the 
the  stresses  in  the  column  about  axis  A-B  will  be  ecjual  to  M.     In  a  tower  with  8 

i  in  Fig.  3  we  liave  (stress  i)  X  2r  +  (stress  2)  X  4^ -cos  45**  =  M. 

Iress  I  is  to  Stress  2  aa  r  is  to  r-coa  45*";  and  Stress  I  (ir  +  2r)  —  M,     Stress  I  ^  if/4f» 

I  2  »  o*7Af/4r«  In  a  6  column  tower  the  stress  in  the  most  remote  post  is  Ml$r  and 
;thc  others  is  1  A//3r.  In  a  4  column  tower  the  stress  in  each  column  is  Af/2r.  If  the 
pc  vertical  the  maximum  stresses  will  occur  at  the  foot  of  the  columns;  if  the  columns 

the  streiss  should  be  calculated  at  both  the  top  and  the  bottom*     The  maximum 

II  be  the  sum  of  the  dead  and  wind  load  stresses, 
calculated  the  vertical  components  of  the  stresses  in  the  columns,  the  stress  in  the 

U  be  ectual  to  the  vertical  component  multiplied  by  the  secant  of  the  angle  between  the 
d  a  vertical  tine. 
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K— -  r 


■*!/ 


MW 


2^. 


-♦=- 


..y 


I-' 
5 

Fig.  3. 

upward  pull  of  the  columns  on  the  windward  side  is  greater  than  the  dead  Kxid  when 

empty  ihc  column  must  be  anchored  down.  The  masonry'  footing  should  have  a 
121 1  to  at  least  one  and  one- half  times  the  resultant  upward  pull, 

UI*S  OF  STEEL  TANKS.— The  standard  plans  in  Fig.  10  and  Fig.  n  and  the  Jack- 
H  tank  in  Fig.  6,  show  the  plates  in  alternate  courses  of  different  diameters,  while  the 
ituiils  of  the  Chicago  Bridge  and  Iron  Co.  in  Fig.  8  shows  the  plates  telescoped  with 

tbc  plate  for  caulking  on  the  inside  so  that  it  may  be  caulked  from  above.  The  stand- 
^tions  given  in  the  last  part  of  this  chapter,  also  the  specifications  of  the  American 
inginecring  Association  in  the  last  part  of  this  chapter  both  require  that  the  plates  in 

rses  be  of  different  diameters  as  shown  in  Fig.  10,  Fig.  1 1,  and  Fig.  6. 
plirrical  or  segmental  bottoms  are  now  quite  generally  used,  the  conical  bottom  being 

iju  account  of  the  difficulty  in  making  a  satisfactory  connection  to  the  tank  cylinder. 

mk  bottoms  are  used  to  a  limited  extent, 

^ndanl  details  of  the  Chicago  Bridge  and  Iron  Co.  for  circular  wMtcr  tanks  and  hemis- 
Ktoms  are  given  in  Fig.  8,  and  the  standard  column  details  are  shown  in  Fig.  9. 
ropcrucs  for  water  tight  joints  together  with  shearing  and  bearing  values  of  rivets  are 

ble  1  la.  Standard  plans  for  a  95,000  gallon  tank  on  a  too  ft,  tower  are  given  in  Fig,  lo; 
Urd  plajis  for  a  stand-pipe  20  ft.  in  diameter  ami  90  ft.  high  are  given  in  Fig.  if.  Tabic 
%,  to  and  Fig.  11  were  prepared  by  Mr,  C.  \V,  Birch-Nord  to  accompany  the  standard 
printed  ia  Trans.  Am.  Soc,  C.  E.»  Vol  64,  and  partially  reprinted  in  this  chapter. 
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TABLE  Ila. 


Properties 

OF  Watertight 
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Fig.  4.    Typical  Steel  Water  Tanks. 
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Fig.  5.    Elevated  Tank  and  Tower,  Jackson,  Minn. 
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IT 

PB  OF  STEEL  TOWERS. — Steel  towers  are  commonly  made  with  four  columns, 
Iht  or  twelve  columns  are  sometimea  used  for  large  elevated  tanks.  The  columns  of 
Sammonly  made  uf  two  channels,  laced  top  and  bottom;  of  two  channels  with  top 
^nrl  bottom  lacing;  of  a  built  //  section  made  of  plates  and  angles,  or  a  rolled  H  section, 
low  very  difficult  to  obtain  and  the  Z-bar  column  should  not  be  used.  The  struts 
built  channels,  or  of  angles,  or  of  plates  and  angles.  The  diagonal  bracing  is  commonly 
%  with  adjustable  clevises  or  turnbuckles. 

MLBS  OF  STEEL  STAND-PIPES  AND  ELEVATED  TANKS  ON  TOWERS.— The 
y[  stand-pipes  and  elevated  tanks  on  towers  will  be  illustrated  by  dcacribing  several 
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'iULS  OF  Tank  and  HEMispaBRiCAL  Pottom.    Chicago  Bridge  8l  Iron  Co. 


|p  Water  Tanlcs. — Four  typical  examples  of  steel  water  tanks  are  shown  in  Fig.  4;  ihc 
»n  railway  water  tank  in  (a)  Fig.  4  was  designed  by  the  American  Bridge  Company; 
kallon  water  tank  in  [h)  is  a  standard  tank  on  the  Harriman  Lines;  the  50,000  gallon 
Ivas  designed  by  the  C.  B.  &  Q  R,  R.;  while  (rf)  is  a  ty^pical  stand-pipe. 
^  Tank  and  Tower  for  Jackson,  Minn.— Details  of  the  steel  elevated  tank  and  tower 
'  Mr,  L.  P.  Wolff,  Consulting  Engineer.  St.  Paul,  Minn.,  for  Jackson»  Minn.,  arc  shown 
|g.  6,  and  Fig.  7.  A  general  plan  and  details  of  the  foundations  and  the  roof  are  shown 
[[>ctaib  of  the  riveting  of  the  tank  plates;  details  of  the  columns,  and  details  of  the 
\m^  iliown  in  Fig-  6.  Details  of  the  circular  girder,  and  the  connections  of  the 
I  Fig.  7.    The  tank  has  a  hemispherical  bottom  with  a  conical  sub-bottom. 
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.^^^C4 


Fig.  9.    Details  of  Column  Connections  for  Elevated  Tank  and  Tower. 
Chicago  Bwdge  &  Iron  Co. 


STANDARD  PLAN  OF  ELEVATED  TANK  ON  TOWER. 


93000-GALLON   TANK 
ON  100-FOOT  TOWER 


(Stakdakd  Plan  of  Ei^vated  Tank  on  Tower,  by  C.  W.  BiitCH-NoiiD. 
(Trans.  Am-  Soc.  C.  K.  ,  Vol  64,  1909.) 
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The  details  work  out  very  satisfactorily.  Mr.  Wolff  has  designed  a  number  of  elevated 
and  towers  following  the  standard  details  in  the  Jackson  tank.  The  details  of  constnictii 
shown  by  the  drawings. 


STAND-PIPE 
20  FT.IN  DiAMET^R 
9C  FT^HIGH 


Oentrml  Ifotott 

Wind  XmA  ^  ■>  llL|nt  iq..f|.>^  Vj  ajftrnvm 

TTLtJoAU  ttntMfih  lo  firm  ^  It  WO  Jl^iMr  ^^ 


tsS^H* 


Fig.  II.    Standard  Plan  of  Stand-Pipe,  by  C.  wf  Birch-Nord. 
(Trans.  Am.  Soc.  C.  E.,  Vol.  64,  1909.) 

SPECIFICATIONS.— The  details  of  design  of  steel  stand-pipes  and  elevated  tan 
towers  are  given  in  the  specifications  prepared  by  Mr.  C.  W.  Birch-Nord  and  the  specific 
of  the  American  Railway  Engineering  Association.  Both  of  these  specifications  are  prin 
the  last  part  of  this  chapter. 


AL  SPECIFICATIONS  FOR  ELEVATED  STEEL  TANKS  ON  TOWERS,  AND. 
FOR  STAND  PIPES.* 

Part  L    Design  of  Elevated  Steel  Tanks  on  Towers. 

InitiotL — I.  An  elevatrd  tank  is  a  vessel  placed  on  a  tower  in  order  to  furnish  a  certain 

pressure  head.     The  tank  is  filled  through  a  riser  or  inlet  pipe. 

Jevated  tankii  are  nn>stly  used  in  connection  with  pumping  stations,  or  are  connected 
to  Artesian  wells,  in  order  to  store  water  under  pressure. 

practically  all  tanks  are  cylindrical,  this  specification  will  only  have  reference  to  those 

da* — 4,  The  dead  load  shall  consist  of  the  weight  of  the  structural  and  ornamental  steel* 
Ltform$«  roof  construction,  piping,  etc. 

hic  live  load  shall  t>e  the  contents  of  the  tank,  the  movable  load  on  the  platforms  and 
the  wind  pressure. 

f  hf"  livr  load  on  the  ptatfortns  and  roof  shall  be  assumed  at  30  !b»  per  aq.  ft.,  or  a  200-lb. 
ilied  at  any  p«iint. 

nure  shall  be  assumed  at  30  lb.  per  sq.  ft,,  acting  in  any  direction*     The 
•i  ■  ranks  exjxisod  to  the  wind  shall  be  calculated  at  two-thirds  of  the  diameter 

d  h\  lit.     Similar  assumptions  may  also  be  made  for  spherical  and  conical  surfaces 

the  heights. 

!1)e  live  load  on  platforms  and  roof  shall  not  be  considered  as  acting  together  with  the 

-9.  Al!  parts  of  the  structure  shall  be  proportionc<l  si>  that  thd  sum  of  the  dead 
shall  not  cause  the  stresses  to  exceed  those  given  in  Tabic  I. 


TABLE  L 
plates ,.....* .,*,,,.,,  12,000  lb,  per  sf|,  in.  of  net  area. 

in  other  part  of  structure .  .  » .  * . .  16,000  II).  fier  S€(,  in.  of  net  area* 

ision  . ...» 16,000  lb*  per  sq.  in.  reduced. 

shop  rivets  and  pins , , ia,ooo  lb»  per  sq.  in. 

field  rivets  (tank  rivets)  and  bolts , . , . .  9,000  lb.  per  sq.  in, 

plates   10,000  lb,  per  sq.  in.  of  gross  area. 

pressure  on  shop  rivets  and  pins * 24,000  lb.  per  sq.  in. 

pressure  on  field  rivets  (tank  rivets) 18,000  lb.  per  sq.  in. 

sun  in  pins ...*.,.. 24.000  lb.  per  sq,  in. 

For  compression  members,  the  permissible  unk  stress  of  16,000  lb.  shall  be  reduced  by  the 

p  -  16,000  —  70  //r, 

»  permissible  worldng  stress  in  compression,  in  lb.  per  sq,  in.: 

•  IcilCth  of  member,  from  center  to  center  of  connections,  in  inches; 

«  least  mdiiis  of  gyration  of  section,  in  inches, 

[  rmtiOi  //f,  shall  never  exceed  120  for  main  members  and  180  for  struts  and  roof  construe- 

I  due  to  wind  may  be  neglected  if  the>^  are  less  than  25  per  cent  of  the  combined 

in  bracing  and  other  members  taking  wind  stresses  may  be  increased  to 
ia.,  except  as  shown  in  5>ection  n. 

given  in  Table  II  will  be  permissible  on  bearing  pUtes. 


TABLE  IL 


:  with  cement  mortar 
lent  concrete  , 

I  «!lAdstone 
^  Itfoesttine 


200  lb.  per  nq.  in* 
350  lb.  per  w;.  in. 
400  lb.  \7CT  fn-^.  in* 

,  500  lb.  px^r  ftfj,  in. 

,  600  lb.  per  sq,  in* 


bL64*PP 
!  been  omit  i 


Vorrf,  Assoc.  M.  Am.  Soc.  C.  E„  Trans, 

'-'  statement  and  the  mcifications  for  the 

.*ve  been  adopted  by  the  American  Brid|^ 
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Details  of  Construction. — 14.  The  plates  forming  the  sides  of  cylindrical  tanks  thai 
different  diameters,  so  that  the  courses  shall  lap  over  each  other,  inside  and  outside,  altema 

15.  The  joints  for  the  horizontal  seams,  and  for  the  radial  seams  in  spherical  bottom 
preferably  be  lap  joints. 

16.  For  vertical  seams  double-riveted  lap  joints  shall  be  used  for  |,  ^,  and  |  in.  plates. 
lap  joints  shall  be  used  for  -ff  and  i  in.  plates;  double-riveted  butt  joints  shall  be  used  fa 
H  and  i  in.  plates;  and  triple-riveted  butt  joints  for  H,  },  ff  and  i  in.  plates. 

17.  Rivets  I  in.  in  diameter  shall  be  used  for  }  in.  plates;  rivets  fin.  in  diameter  f 
used  for  ^  in.  plates;  rivets  }  in.  in  diameter  shall  be  used  for  |  to  }  in.  plates,  inclusive. 

I  in.  in  diameter  shall  be  used  for  H  in.  and  i  in.  plates. 

Rivets  shall  be  spaced  so  as  to  make  the  most  economical  seams  (70  to  75  per  cent  effix 
A  table  of  riveted  joints  is  given  in  Table  I  la. 

18.  In  no  case  shall  the  spacing  between  rivets  along  the  caulked  edges  of  plates  I 
than  ten  times  the  thickness  of  the  plates.  All  rivets  shall  be  entered  from  the  inskk 
tank,  and  shall  be  driven  from  the  outside,  that  is,  new  heads  on  rivets  shall  always  be  form 
the  opposite  side  of  the  plate  on  which  the  caulking  is  done. 

19.  Plates  i  in.  thick,  and  not  more  than  }  in.  thick,  shall  be  sub-punched  with  a  puoc 
smaller  in  diameter  than  the  nominal  size  of  the  rivets,  and  shall  be  reamed  to  a  finished  d 
not  more  than  iV  in.  larger  than  the  rivet.     Plates  thicker  than  }  in.  shall  be  drilled. 

20.  The  minimum  thickness  of  the  plates  for  the  cvlindrical  part  shall  be  }  in.  Tb 
ness  of  the  plates  in  spherical  bottoms  shall  never  be  less  than  that  of  the  lower  coura 
cylindrical  p>art  of  the  tank. 

21.  The  facilities  at  the  plant  where  the  material  is  to  be  fabricated  will  be  invei 
before  the  material  is  ordered. 

22.  All  plates  shall  be  sheared  or  planed  to  a  proper  bevel  alon^  the  edges  for  caulki 

23.  All  plates  shall  be  caulked  along  the  beveled  edges  from  the  inside  of  the  tank,  am 
round-nosed  tool.  The  use  of  foreign  material  for  caulking,  such  as  lead,  copper,  filings, ' 
etc.,  will  not  be  permitted. 

24.  The  plates  in  tanks  for  the  storage  of  oil  shall  be  beveled  on  both  sides  for  outs 
inside  caulking. 

25.  The  radial  sections  of  spherical  bottoms  shall  be  made  in  multiples  of  the  nui 
columns  supporting  the  tank,  and  shall  be  reinforced  at  the  lower  parts,  where  holes  ai 
for  piping. 

26.  When  the  center  of  the  spherical  bottom  is  above  the  point  of  connection  with  tl 
drical  part  of  the  tank,  there  shall  be  provided  a  girder  at  said  point  of  connection  to  take  t 
zontal  thrust.  The  horizontal  girder  may  be  made  in  connection  with  a  balcony.  T 
applies  where  the  tank  is  supported  by  inclined  columns. 

27.  The  balcony  around  the  tank  shall  be  3  ft.  wide,  and  shall  have  a  floor-plate  }  ii 
which  shall  be  punched  for  drainage.  The  balcony  shall  be  provided  with  a  suitable 
3  ft.  6  in.  high. 

28.  The  upper  parts  of  spherical  bottom  plates  shall  always  be  connected  on  the  indd 
cylindrical  section  of  the  tank. 

29.  In  order  to  avoid  eccentric  loading  on  the  tower  columns,  and  local  stresses  in  s 
bottoms,  the  connections  between  the  columns  and  the  sides  of  the  tank  shall  be  made  ii 
manner  that  the  center  of  gravity  of  the  column  section  intersects  the  center  of  connection  1 
the  spherical  bottom  and  the  sides  of  the  tank.  Enough  rivets  shall  be  provided  above  th 
section  to  transmit  the  total  column  load. 

30.  If  the  tank  is  supported  on  columns  riveted  directly  to  the  sides,  additional  mater 
be  provided  in  the  tank  plates  riveted  directly  to  the  columns  to  take  the  shear.  The  sbt 
be  taken  by  providing  thicker  tank  plates,  or  by  reinforcement  plates  at  the  column  conn 
while  bending  moments  shall  be  taken  by  upper  and  lower  flange  angles.  Connections  to  ( 
shall  be  made  in  such  a  manner  that  the  efiicicncy  of  the  tank  plates  shall  not  be  less  th 
of  the  vertical  seams. 

31.  For  high  towers,  the  columns  shall  have  a  batter  of  I  to  12.  The  height  of  th 
shall  be  the  distance  from  the  top  of  the  masonry  to  the  connection  of  the  spherical  bot 
the  flat  bottom,  with  the  cylindrical  part  of  the  tank. 

32.  Near  the  top  of  the  tank  there  shall  be  provided  one  Z-bar  to  act  as  a  support 
painter's  trolley,  and  for  stiffening  the  tank.  Its  section  modulus  shall  not  be  less  than 
where  D  is  the  diameter  of  the  tank  in  feet.  If  the  upper  part  of  the  tank  is  thoroughly 
the  roof  construction,  this  may  be  reduced. 

33.  On  large  tanks,  circular  stiffening  angles  shall  be  provided  in  order  to  prevent  th 
from  buckling  during  wind  storms.  The  distance  between  the  angles  shall  be  determinec 
formula: 


:nate  distance  between  angles,  in  feet; 
of  tank  plates,  in  inches; 

W  of  tank,  in  feet. 

f  the  lank  will  generally  be  covered  with  a  conical  roof  of  thin  platen:  and  the 

6,     For  tanks  up  to  22  ft.  in  diameter,  the  roof  plates  will  be  assumed  to  be 

F  the  diameter  of  the  tank  exceeds  22  ft.,  angle  rafters  shall  be  used  to  support 

kh  arc  generally  i  in.  thick. 

allowing  thicknesses  will  be  assumed  to  be  self-supporting  for  various  diameters: 

J  to  a  diameter  of  18  ft. 

to  a  diameter  of  20  ft. 

^  to  a  diameter  of  22  ft. 

Xjf  plates  shiiU  be  from  i  to  A  in.  in  diameter,  and  shall  be  driven  cold.     These 

beaded  with  a  button  set. 
,  2  ft.  square,  shall  be  provided  in  the  roof  plate.     Near  the  top  of  the  higher 
a  platform  with  a  railing,  for  the  safety  of  the  men  operating  the  trap-door. 

1  be  an  ornamental  finial  at  the  top  of  the  roof. 

1  be  a  ladder,  i  ft.  3  in.  wide,  extending  from  a  point  about  8  ft.  above  the 
ip  of  the  tank,  and  aWj  one  on  the  inside  of  the  tank.  Each  ladder  shall  be 
I  iix,  bars  with  J  in.  round  rungs  i  ft.  apart.  On  large,  high  tanks,  30  ft.  or 
walk  shall  be  provided  from  the  column  nearest  the  ladder  to  the  cxixinsion 
inlet  pipe. 

hg  a  tank,  a  height  of  6  in.  shall  be  added  to  the  required  height  of  the  tank 

is  not  specified  by  the  owner. 

tted  tank  shall  be  furnished  with  a  riser  or  inlet  pipe,  the  size  of  which  shall  be 

rate  at  which  the  tank  must  be  filled.     The  size  of  the  riser  pipe  will  be  speci* 
The  outlet  pipe,  in  most  cases,  is  not  required,  as  the  riser  or  inlet  pipe  will 

pose,  but  it  shall  be  furnished  if  demanded  by  the  owner. 

ntering  the  tank  shall  have  ca^st- iron  expansion  joints  with  rubber  packing,  and 

fling  such  joints.     The  expansion  joint,  generally,  shall  be  fastened  to  the 

with  bolts  having  lead  washers.     The  tank  plates  shall  be  reinforced  where  the 

ntering  the  tank  shall  be  thoroughly  braced  laterally  with  adjustable  diagonal 
e1  points  of  the  tower. 

Iial  bracing  in  the  tower  shall  preferably  be  adjustable,  and  shall  be  calculated 
of  3,000  lb.  in  addition  to  wind  stresses,  etc. 

nd  number  of  the  anrhor-bijlts  in  the  tower  shall  be  determined  by  the  maxi- 
he  tank  is  empty.  The  anchor-bolts  in  the  tower,  where  the  maximum  uplift 
>oo  lb.,  shall  be  fastened  directly  to  the  columns  with  bent  plates  or  similar 
cases  it  will  be  sufficient  to  connect  the  anchor-bolts  directly  to  the  * 


anchor-bohs  shall  not  exceed  15,000  lb.  per  sq.  in,  of  net  area.  The  minimum 
kited  to  a  diameter  of  1}  in.  The  details  shall  be  made  so  that  the  anchor- 
ieir  full  strength,  and,  at  the  lower  end,  they  shall  be  furnished  with  an  anchor- 
i  in.  thick,  to  assure  good  anchorage  to  the  foundation  without  depending  on 
tn  the  concrete  and  the  steel. 

bte  foundation  shall  be  assumed  to  have  a  weight  of  140  lb.  per  cu.  ft.,  and 
ti  quantity  to  take  the  uplift,  with  a  factor  of  safety  of  ij. 
frost-proof  casing  shall  be  provided,  if  necessary,  around  the  pipes  leading  to 

Thi5  casing  shall  be  composed  of  two  layers  of  J  by  2 J  in.  dressed  lumber, 
1  be  covered  with  tar  paper  or  tarred  felt,  and  one  outside  layer  of  J  by  2 1  in. 

rttx>ring.  The  lumber  shall  be  in  lengths  of  about  12  ft.  There  shall  be  a 
Irecn  the  layers  of  lumber,  and  wooden  rings  or  separators  shall  be  nailed  to 
|In  vcrv'  cold  climates  it  is  good  practice  to  fill  the  space  between  the  pipes  and 
mber  with  hay  or  similar  material,)  The  frost  casing  may  be  square  or  cy Un- 
braced to  the  tower  with  adjustable  diagonal  bracing,  as  cfescribed  for  pipes  in 

i  drawings  shall  he  sul»jert  to  the  owner's  approval  before  work  is  commenced. 
^ts,  workmanship,  inspection,  painting,  and  testing,  see  Part  III;  for  founda- 

Part  H.     Design  of  St.vntj-Pipes. 

-pipe  is  a  tank,  generally  cylindrical,  used  for  the  storage  of  water, 
p,  in  most  cas<*s,  is  considerably  greater  than  its  diameter;  it  has  a  flat  boU-csm^ 
its  foundation. 
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2.  Stand-pipes  are  economical  only  in  special  cases:  where  their  capacity  is  more  imporM 
than  pressure,  or  where  local  conditions  are  such  that  an  elevated  tank  is  not  required. 

3.  Stand-pipes  for  the  storage  of  oil  are  an  exception.     These  are  generally  of  very  b^ 
diameter,  while  the  height  may  not  exceed  40  ft. ;  they  are  usually  referred  to  as  tanks. 

4.  Stand-pipes  are  filled  and  emptied  through  pipes  connected  with  their  sides  or  bodoi^ 
and  arc  provided  with  manholes  for  cleaning  purposes. 

5.  In  cold  climates  roofs  arc  generally  omitted  on  stand-pipes  used  for  water  supply,  a 
account  of  the  formation  of  ice.     In  warmer  climates  there  may  be  roofs  in  order  to  prevent  ik 
water  from  becoming  a  breeding  place  for  mosquitos,  flies,  etc.     Stand-pipes  used  for  the 
of  oil  or  other  fluids  from  which  rain-water  is  to  be  excluded  should  always  be  roofed. 

Loads. — 6.  The  dead  load  shall  consist  of  the  weight  of  structural  and  ornamental  stedwofc 
and  the  roof  construction,  if  any. 

7.  The  live  load  shall  be  the  contents  of  the  stand-pipe,  the  movable  load  on  the  eveaMi 
roof,  and  the  wind  pressure. 

8.  The  eventual  live  load  on  the  roof  shall  be  assumed  at  30  lb.  per  sq.  ft.,  or  a  200  lb.a» 
centrated  load  applied  at  any  point. 

9.  The  wind  pressure  shall  be  assumed  at  30  lb.  per  sq.  ft.  acting  in  any  direction.  Tk  i:. 
surfaces  of  cvHndrical  stand-pipes  exposed  to  the  wind  shall  be  calculated  at  two-thirds  of  tkKj 
diameter  multiplied  by  the  height.  p 

10.  The  eventual  live  load  on  the  roof,  if  the  stand-pipe  is  roofed,  shall  not  be  consideicdal 
acting  together  with  the  wind  pressure. 

Stresses. — 11.  All  parts  of  the  structure  shall  be  porportioned  so  that  the  sum  of  tkeiiai 
and  live  load  stresses  shall  not  exceed  the  stresses  given  in  Table  IIL 

TABLE  in. 

Tension  in  plates  forming  sides  or  bottom  of  stand-pipes 12,000  lb.  per  sq.  in.  of  netmfr 

Tension  in  roof  construction 16,000  lb.  per  sq.  in.  of  net  ai* 

Compression  in  roof  construction 16,000  lb.  per  sq.  in.  reduced. 

Shear  on  shop  rivets  in  roof,  etc 12,000  lb.  per  sq.  in. 

Shear  on  field  rivets  (in  stand-pipe  plates)  and  bolts 9,000  lb.  per  sq.  in. 

Shear  in  plates 10,000  lb.  per  sq.  in. 

Bearing  pressure  on  shop  rivets 24,000  lb.  per  sq.  in. 

Bearing  pressure  on  field  rivets  (in  stand-pipe  plates) 18,000  lb.  per  sq.  in. 

12.  For  compression  members  in  the  roof  construction,  the  permissible  unit  stress  of  l6,ooi 
lb.  shall  be  reduced  by  the  formula: 

p  =  16,000  —  70 //r, 

where  p  =  permissible  working  stress  in  compression,  in  lb.  per  sq.  in.; 

/  =  length  of  member,  from  center  to  center  of  conncH:tions,  in  inches; 

r  =  least  radius  of  gyration  of  section,  in  inches.     The  ratio,  //r,  shall  never  exceed  ito 

13.  Stresses  due  to  wind  may  be  neglected  if  they  are  less  than  25  per  cent  of  the  cosBldaA 
dead  and  live  loads. 

14.  The  average  permissible  pressures  on  masonry  shall  be  as  given  in  Table  II,  Part  L 
Details  of  Construction. — 15.  The  plates  forming  the  sides  of  the  stand-pipe  shall  bfrf 

different  diameters,  so  that  the  courses  shall  lap  over  each  other,  inside  and  outside,  alternatdf. 

16.  The  joints  for  the  horizontal  seams  in  the  sides,  and  for  the  bottom  plates,  shall  Il^ 
fcrably  bo  lap  joints. 

17.  For  further  information  regarding  riveted  joints,  etc.,  see  Part  I,  Sections  16,  I7i  A 
and  19. 

18.  The  minimum  thickness  of  the  plates  forming  the  sides  shall  be  \  in.  and  A  'O-  ^^^ 
bottom  plates,  except  for  oil  tanks  on  a  sand  foundation.  The  bottom  plates  for  ordinary  starf 
pipes  shall  be  provided  with  tapped  holes,  1}  in.  in  diameter,  with  screw  plugs,  spaced  ataW 
4  ft.  centers,  to  permit  of  fillinj:^  with  cement  grout  on  top  of  the  foundation  of  the  masonry  wl* 
the  bottom  part  is  being  erected,  in  order  to  secure  proper  bearing. 

19.  Oil  tanks  of  lare:c  diameter  are  generally  set  directly  on  a  sand  foundation,  anddoa* 
need  any  holes  in  the  bottom  plates  for  filling  beneath  with  cement  grout.  In  such  cases,}* 
bottom  plates  will  be  sufficient.  ^ 

20.  The  bottom  plates  shall  be  connected  with  the  sides  by  an  angle  iron  riveted  inskktll 
stand-pipe.  This  angle  iron  shall  be  bevel  sheared  for  caulking  along  both  legs.  For  thecauW 
of  plates,  scH?  Part  I,  Sections  22  and  23. 

21.  On  the  side  and  near  the  bottom  there  shall  be  a  12  by  18  in.  manhole  of  elliptical  sha* 
In  the  same  manner,  or  on  the  bottom  plates,  flanges  shall  be  provided  for  the  connection* 
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ken  i&ul  1^  £x  :u]2m5t  iki^der.  I  fi.  5  m.  v>^.  onvaidu^  tr^on  a  fn'VD]  JiKiittI  S  U .  AK^xt" 
tk«  r.:  ifbt  tic  :t  -dbt  icuid-fnpr.  llw  ladder  ^ftuXI  hr  xnjidr  fC  ;^'o  ^i  K  t  :iYt.  Kii>  mith 
,  nra^*  :  rL  ican.  .\i  inade  Udder  m^  -oc^  W  wiqwinpd.  iljs  »»>  oaW  N^KNwVi  in>^W 
pr^-iiftif  :a  sitiii-pipe*.  in  dSmiK*  mimv  iop  will  >iVm,  iVfc-wrji  a-*  *^1  ta«1>  *>«it"tt 
r«:&y5  z:  tikks^  i^ifr  pUce  c0  ladders. )  AS  Iftddes^  jIuiQ  %ir  4khtt  f\^  :w$3Ai»  a  vwrKvvttrAitsi 
ea£C  >X'  "^i. 

jge  sr^ni-ccppf  :nr  c£I  sran^,  the  ke^»  ol  vSudi  jmr  wf>*  5nMill  04H«j>*wsi  >niih 
ter  «£I2  grwin]H-  ^le-  9»  duvrLh*  00  <i  sand  <««iadAtion,  A»d  wSl  HvX  hkvn)  Am  A«wVyA$^ 
15  the  :nr¥rr=ro3ag  cKKoeai  is  \Yr\~  smiU  in  OMnpuiwwi  miih  ihc  iv^f«4i«^  n^^nvrm. 
itkd'pipe*  :t  The  ix^&niry  rypc.  for  water  suvj^x^  ^^hjiQ  be  4ir9  ^tn  cxMKtv^r  UH»HUlhMi^ 
X  ancb-upbd  titorcKigiily  tba>no  viih  anchor^hc^rs  ik^  Irsi^  iKaii  1 1  ins  in  ^iiAnKitt^ 
ough  to  liike  ibt  aecessarx'  uplift,  and  prox-ided  vith  an  Anohtxr  pUlir  mvr  W^itak  tK^n  )  in. 
i  m^scmry.  AH  aiidior  bolts  shall  be  connectvd  difwtly  ux  the  «^k«  txf  the  MAnd^iMrtr 
plates  or  asolaj  details.  The  unit  stress  in  anchor-K4t«  «KaU  niM  e\vxx\1  15.%^^  uv 
[>f  net  area.     See  Fart  I,  Section  43. 

I  detailed  drawings  shall  be  subject  to  the  omiier*$  anpcxxv^l  brC^icx'  wxv^  i*  %>w)nK'm>rxi 
•r  materials,  vxirkmanship.  inspection,  painting*  and  te«tiiig«  Mt"  l\iun  111;  dvr  f^mihU* 
»art  IV. 


RT  111.    Materials,  Workmanship,  Ikspkctiox,  Paixtiwr,  axd  Tkstinvv 

and  Sted. — i.  The  steel  shall  be  made  by  the  open-hcarth  pnxt'!^, 
*  chemical  and  physical  properties  shall  conform  to  the  following  limit «: 


Efements  cooaidcred. 

SinKtuml  Si«<. 

0.04  per  cent 
0.00   "      " 
0.0$    "      " 

a04  |>er  itui 
0,04  "     •• 
ao4  "     " 

1$,  maximum  <   j^^*^*^ 

naximum 

Lcnsile  strength,  in  pounds  per  square  inch 

a :  minimum  percentage  in  8  in.  Fig.  i 

l>sired 

1,500.000 

Ultimate  tensile 

strength 

aa 

Silkv 

i8o«  rtai 

IVsirrd 

50*000 

1.500,000 

Ultimate  tensile 

strength 

Silky 
180*  flat 

a:  minimum  percentage  in  2  in.  Fig.  2 

of  fracture 

s  without  fracture 

eld  point,  as  indicated  by  the  drop  of  beam,  shall  be  reronio<i  in  the  tent  reixJila. 

he  ultimate  strength  varies  more  than  4,000  lb.  from  that  doHire*!,  it  n*'tr"t  Nhall  !)«• 

te  same  gage,  which  to  be  acceptable,  shall  be  within  5.0(X)  lb.  of  the  (lef«inM|  ultiniittr. 

imical  determination  of  the  percentages  of  carbon,  phosphorun,  Htilt)hur.  and  itianuatirpif* 

ide  by  the  manufacturer  from  a  test  ingot  taken  at  the  time  of  the  iHtiirin^  of  imuIi 

1,  and  a  correct  copy  of  such  analysis  shall  be  furnished  to  the  engineer  or  lii»»  inwfKnior. 

yses  shall  be  made  from  finished  material,  if  call<*d  for  by  the  i)ur<*haM<T,  In  which  « aur 

f  25  per  cent  above  the  required  limits  will  be  .illowed. 

cimens  for  tensile  and  bending  tests,  for  plates,  shapes,  and  barn,  nhall  Im*  made  by 

ipons  from  the  finished  product,  which  shall  have  lK)th  facen  rr»lhfl  and  l>oth  t't\\ivm 

le  form  shown  by  Fig.  I;  or  with  edges  parallel;  or  they  may  Ix*  turned  to  a  diaitittrr 

a  length  of  at  least  9  in.   with  enlarged  ends. 

et  rods  shall  be  tested  as  rolled. 

nmens  shall  be  cut  from  the  finished  rolled  or  forged  bar,  in  siirh  manniT  thai  ilir 

le  specimen  shall  be  1  in.  from  the  surface  of  the  bar.     The  specimen  inr  tUv  iin^ilr 

!  turned  to  the  form  shown  by  Fig.  2.     The  specimen  Urr  the  bending  tent  nhall  In*  i  in. 

Kction. 

erial  which  is  to  be  used  without  annealing  or  further  treatment  0hal!  br  te«fef|  in  the 

I  which  it  comes  from  the  rolls.    When  material  is  to  be  anneaWd,  or  otberwi*^'  UfuUtl 
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before  use,  the  specimens  for  tensile  test  representing  such  material  shall  be  cut  from 
annealed  or  similarly  treated  short  lengths  ot  the  full  section  of  the  bar. 

9.  At  least  one  tensile  and  one  bending  test  shall  be  made  from  each  melt  of  steel  a 
In  case  steel  differing  f  in.  and  more  in  thickness  is  rolled  from  one  melt  a  test  shall ' 
from  the  thickest  and  thinnest  material  rolled. 


iJ]?."Ar  ^.  Parallel  Section    ^ 

I      W"^  I  Not  r«MrrhiinV*^»i 


u?  ?  •  • 


H^Alt^Etc: 


t 


LlL 


I 


About  jS-'- i 

Fig.  I. 


Fig.  2. 


10.  For  material  less  than  1^  in.  and  more  than  f  in.  in  thickness,  the  following  mod: 
will  be  allowed  in  the  requirements  for  elongation: 

(a)  For  each  iV  in.  in  thickness  below  A  in,  a  deduction  of  2i  from  the  specified  p< 
will  be  allowed. 

(b)  For  each  J  in.  in  thickness  above  1  in.,  a  deduction  of  i  from  the  specified  p< 
will  be  allowed. 

11.  Bending  tests  may  be  made  by  pressure  or  by  blows.     Plates,  shapes,  and 
than  I  in.  thick  shall  bend  as  called  for  in  Section  2. 

12.  Angles  i  in.  and  less  in  thickness  shall  open  flat,  and  angles  i  in.  and  less  in 
shall  bend  shut,  cold,  under  blows  of  a  hammer,  without  sign  of  fracture.     This  test  will 
only  when  required  by  the  inspector. 

13.  Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter  as  the  i 
shall  give  a  gradual  break  and  a  fine,  silky,  uniform  fracture. 

14.  Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective 
other  defects,  and  have  a  smooth,  uniform,  workmanlike  finish.     Plates  36  in.  in  width 
shall  have  rolled  edges. 

15.  Every  finished  piece  of  steel  shall  have  the  melt  number  and  the  name  of  the'man 
stamped  or  rolled  upon  it.  Steel  for  pins  shall  be  stamped  on  the  end.  Rivet  and  lat 
and  other  small  parts  may  be  bundled,  with  the  above  marks  on  an  attached  metal  ta 

16.  Material  which,  subsequent  to  the  foregoing  tests  at  the  mills,  and  its  acceptar 
develops  weak  spots,  brittlencss,  cracks,  or  other  imperfections,  or  is  found  to  have 
defects,  will  be  rejected  at  the  shop,  and  shall  be  replaced  by  the  manufacturer  at  his  < 

17.  A  variation  in  cross-section  or  weight  of  each  piece  of  steel  of  more  than  2  J  per  c 
that  specified  will  be  sufficient  cause  for  rejection,  except  in  cases  of  sheared  plates,  whic 
covered  by  the  following  permissible  variations,  which  are  to  apply  to  single  plates: 

Plates  weighing  12J  lb.  per  sq.  ft.  or  more: 

(a)  Up  to  100  in.  wide,  2 J  per  cent  above  or  below  the  prescribed  weight; 

(b)  100  in.  wide  or  more,  5  per  cent  above  or  below. 
Plates  weighing  less  than  12 1  lb.  per  sq.  ft.: 

(a)  Up  to  75  in.  wide,  2 J  p)er  cent  above  or  below; 

ib)  75  in.,  and  up  to  100  in.  wide,  5  per  cent  above  or  3  per  cent  below; 

(c)  100  in.  wide  or  more,  10  p)er  cent  above  or  3  p)er  cent  below. 

18.  Plates  will  be  accepted  if  their  thickness  is  not  more  than  o.oi  in.  less  than  that 

19.  An  excess  over  the  nominal  weight,  corresponding  to  the  dimensions  on  the  o 
be  allowed  for  each  plate,  if  not  more  than  that  shown  in  Table  IV,  i  cu.  in.  of  rolled  st 
assumed  to  weigh  0.2833  lb. 

Cast  Iron. — 20.  Except  where  chilled  iron  is  specified,  castings  shall  be  made  of  tot 
iron,  with  not  more  than  o.io  per  cent  of  sulphur.  They  shall  be  true  to  patterns,  out 
and  free  from  daws  and  excessive  shrinkage.     If  tests  are  demanded,  they  shall  be  mai 
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TABLE  IV. 


.id 


Nominal  Weiiilit  In 

Pound fi  iicr  Square 

Foot* 


A 


tthAn  I 


10.20 

1275 
1S3 

17.85 
20.4 

2295 

Hi 


\V  idth  of  Piatet. 


Up  to  75  Itt. 


10  per  cent 
8    "       " 

_      ((  44 

6  "      '* 


75  ln>  and  up  to 
too  1ji« 


14  per  cent 

12  "  " 

10  *'  " 

8  *'  " 

,_  l«  if 

6  **  " 

5  *'  '* 


100  In.  ond  up  to 
lis  in* 


18  per  cent 

16  **  *' 

13  "  •' 

10  »'  *• 

9  "  " 

81  *•  " 

8  "  " 

(A  -  - 


tion  Bar*"  of  the  American  Society  for  Testing  Materials,  which  is  round  bar.  ij  in,  in 
'  and  15  in.  long*     The  irans\^er9e  test  shall  be  made  on  a  supixirted  length  of  12  in.  with 
at  the  middle.     The  minimum  breaking  load  thus  applied  &haU  be  2,900  lb.,  with  a 
I  of  at  lc4&i  TfV  ^^'  before  rupture, 

ashtpt  Inspectiont  and  Paintsng. — 21.  All  parts  forming  the  structure  shall  be  built 
[Janre  with  a()pr<)VL'ti  dniwings.     The  workmanship  and  finish  shall  be  equal  to  the  best 

^hop  prariirc. 
[All  materia]  shall  l>c  thoroughly  straightened  in  the  shop,  by  methods  which  will  not 
re  being  laid  off  or  worked  in  any  way, 
I  Khearing  shall  be  dune  neatly  and  accurately,  and  all  portions  of  the  work  exposed 
t  bavr  a  neat  and  uniform  appearance. 

'  sixc  of  each  rivet,  called  for  by  the  plans,  shall  be  understood  to  mean  the  actual 
icoM  rivet  before  it  is  heated. 
^j'  I  I  shapes  shall  be  shaped  to  the  profier  curve  by  cold  rolling;  heating  or 

tcning  or  curving  will  not  be  allowed. 
Bte>  iM  in.  scarfed  may  be  heated  to  a  chcrr>^-red  color,  but  not  hot  enough  to  ignite  a 
|dry  wood  when  applied  to  it.     Most  careful  attention  shall  Ix'  paid  to  all  s*  arfing. 
\n  Ttl  iti^s  or  shapes  shall  be  punched  before  being  bevel'shearcfi  or  planed  for  caulking, 
threads  shall  make  tight  fits  in  the  nuts  and  turnbucklcs,  and  shall  Ix*  United 
except  for  diameters  greater  than  ij  in.,  when  they  shall  have  six  threads  |)er 
lie  dimensions  of  screws  of  various  sizes  shall  be  as  follows: 

■  of  screw  ends ,  .  ,  , I  in.     I i  in.     li  in.     if  and  greater 

{of  threads  per  inch S  7  7  6 

I  minimum  excess  at  the  root  of  the  thread  over  the  body  of  the  bar  shall  be  15  per  cent. 
i«hapc  of  the  thread  shall  be  U.  S.  Standard. 

TABLE  V. 
Standard  Upsets  for  Rol^kd  and  Square  Bars. 


Round  Ban. 


Up«t. 


Diameter.  In  Indiei. 


Sduan  Ban. 


Side,fii  tnchct. 


I 
It 


II 


UpKt. 


Dfamcter,  in  Inches. 


ii 


il 


< 
4 
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29.  The  diameter  of  the  die  used  in  punching  rivet  holes  shall  not  exceed  that  of  the  pual 
by  more  than  A  in.     All  rivet  holes  shall  be  punched,  except  as  stated  in  Part  I,  Section  19. 

30.  All  punched  and  reamed  bolts  shall  be  clean  cuts,  without  torn  or  rageed  edges.  Tk 
burrs  on  all  reamed  holes  shall  be  removed  by  a  tool,  countersinking  not  more  than  •/^in.Agf 
parts  of  the  structure  in  which  difficulties  may  arise  in  field  riveting,  shall  be  assembled  io  tk 
shop  and  marked  properly  before  shipment. 

31.  Rivet  holes  shall  be  accurately  spaced;  eccentrically  located  rivet  holes,  if  not  suffidot 
to  cause  rejection  shall  be  corrected  by  reaming,  and  rivets  of  larger  size  shall  be  used  in  tk 
holes  thus  reamed. 

32.  The  use  of  drift-pins  will  be  allowed  only  for  bringing  together  several  parts  fonnf 
part  of  the  structure;  force  will  not  be  allowed  to  be  used  in  drifting  under  any  circumstance! 

33.  The  use  of  sledges  in  driving  or  hammering  any  part  of  the  structure  will  not  beallowL 
Care  shall  be  taken  to  prevent  material  from  falling,  or  from  being  in  any  way  subjected  to  heny 
shocks. 

34.  Rivets  shall  be  driven  by  pressure  tools  wherever  possible.  Pneumatic  hammers  sU 
be  used  in  preference  to  hand-driving.     All  rivet  heads  shall  be  concentric  with  the  holes.        1 

35.  All  caulking  shall  be  done  with  a  round-nosed  tool,  and  only  by  experienced  and  skilU 
men.  Caulking  around  rivet  heads  will  not  l>e  allowed.  All  leaky  rivets  shall  be  cut  out  aid 
replaced  with  new  ones.     All  fractured  material  shall  l>e  replaced  free  of  cost  to  the  owner. 

36.  If  the  owner  furnishes  an  ins|XTtor,  he  shall  have  full  access,  at  all  times  to  aU  partirf 
the  shop  where  material  under  his  inspection  is  being  manufactured. 

37.  The  inspector  shall  stamp  with  a  private  mark  each  piece  accepted.  Any  piece  nottta 
marked  may  Ix?  rejected  at  any  time,  and  at  any  stage  of  the  work.  If  the  inspector,  thro^ 
oversight  or  othen^'isc,  .has  accepted  material  or  work  which  is  defective  or  contrary  to  tbi 
specifications,  this  material,  no  matter  in  what  stage  of  completion,  may  be  rejected  by  theofitt 

Painting  and  Testing. — 38.  Before  leaving  the  shop,  all  steel  work  excepting  tlttlajni 
contact  on  the  tank  work,  shall  receive  one  coat  of  approved  paint  or  boiled  linseed  ofl.  H 
parts  which  will  be  inaccessible  after  erection  shall  be  well  painted,  except  as  stated  before. 

39.  After  the  structure  is  erected  and  all  si*ams  have  been  caulked,  it  shall  be  tested  i" 
water-tightness,  and  leaky  places  shall  be  caulked  or  marked.  The  water  shall  then  be  fr 
charged  and  the  leaky  seams  shall  be  caulked.  Leaky  rivets  shall  be  treated  as  per  Section 3J 
After  the  structure  has  been  standing  empty  for  3  days  it  shall  beretested,  and  then,  if  alljoi* 
are  water-tight,  it  shall  be  given  one  coat  of  approved  paint  both  inside  and  outside  of  the  tank* 
stand-pipe.  Painting  in  the  open  air  shall  never  be  done  in  wet  or  freezing  weather.  Thco«* 
will  select  the  color  of  the  final  coat  of  paint. 

40.  The  contractor  shall  guarantee  the  tightness  of  the  tank,  or  stand-piF>e,  against  leab^ 
when  filled  with  the  liquid  it  is  designed  to  contain. 

Part  IV.     Foundations  for  Elevated  Tanks  on  Towers,  and  for  Stand-Pip^ 

1.  The  average  permissible  pressure  on  the  soil  is  as  follows: 

Soft  clay I  ton  per  sq.  ft. 

Ordinary  clay 2  tons  per  sq.  ft. 

Dry  sand  and  dry  clay 3  tons  per  sq.  ft. 

I  lard  clay 4  tons  per  sq.  ft. 

Gravel  and  coarse  sand 6  tons  f>er  sq.  ft. 

2.  In  all  cases  a  thorough  investigation  of  the  ground  and  the  site  shall  be  made  befa< 
proceeding  with  the  foundations.  ^ 

3.  All  foundations  shall  Ix'  carried  below  the  frost  line,  and  the  anchor-bolts  shall  be  pi** 
deep  enough  to  develop  their  full  strength. 

4.  In  foundations  for  towers  with  inclined  legs  supporting  elevated  tanks  care  shall  be ttW 
that  the  piers  are  constructed  in  such  a  manner,  that  the  resultant  of  the  vertical  and  horiwflw 
forces,  due  to  direct  loads,  passes  through  the  center  of  gravity  of  the  piers. 

5.  Foundations,  in  general,  shall  Ix^  of  concrete  composed  of  i  part  Portland  cement,  31*^ 
sand,  and  5  parts  crushed  stone  or  gravfl.  In  special  cases,  where  part  of  the  foundation' 
under  water,  the  concrete  shall  be  a  i  :  2  :  4  mixture.  ^^ 

Note. — For  specifications  for  mixing  and  placing  the  concrete  in  the  foundarions,  secCw^ 
terV. 
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Ren^rAL  Specifications  for  steel  water  and  oil  tanks.^ 

r  Crr^rv*  of  Snf»i"iflr  <itions, — THcsc  specificaUons  are  intended  for  steel  tanks  requiring  plates 

<j  :    :  '^  I    t  r,.  —The  metal  in  these  tanks  shall  be  open-hearth  steel.     The  steel  shall 

|l*in  phyaicai  and  chemical  properties  to  the  specifications  of  this  Association  for  steel 

[Loading. — The  weight  of  water  shall  he  assumed  to  be  63  lb,*  crude  oil  56  lb>,  and  creosote 
ib^  fXT  ru.  ft.  Wind  pressure*  acting  in  any  direction,  shall  be  assumed  to  t>e,  in  poujids, 
[T     '  duct  of  the  height  by  two-thirds  of  the  diameter  of  the  tank  in  feet. 

esses, — Unit  stresses  shall  not  cxceeil  the  following: 
^l**i-i  -u  in  plates.  15,000  lb.  per  sq.  in.  on  net  section. 
Hlfe^r  in  plate-S,  12,000  lb.  per  aq.  in.  on  net  section. 
PIHear  on  rivets,  12,000  lb.  pcT  sq.  in.  on  net  seLti<in. 
B  Bcvirinij  pressure  on  field  rivets,  20,000  lb.  per  sq.  in* 

rCylindrical  Rings. — Plates  forming  the  shell  of  the  tank  shall  be  cylmdrical  an«/  01  mffeient 
[trs,  in  and  out,  from  course  to  course* 

[Workmanship. — All  workmanship  shall  be  first-class.  All  plates  shall  be  beveled  on  all 
l  "  '  hrd.     The  punching  shall  be  from  the  surface  to  be  in  contact. 

I,  xact  form  after  punching  and  beveling.     AW  rivet  holes  shall 

^g44.,    ,,.,.,  .  ,.-    iirill  i>e  used  only  for  bringinK  the  parts  together.     They  shall 

H^n  with  en  to  deform  the  metarab »ut  t he  holes.     Power  riveting  and  caulking 

PHsed.     Ah'  t>r  pneumatic  bucker  shall  be  used  fi3r  power  driven  rivets.     Rivet- 

pi  draw  the  jntnt^  to  iuU  and  tight  bearing. 

[Caulking. — The  tank  shall  be  made  water  or  oil  tight  by  caulking  only.  No  foreign 
mcv  shall  be  used  in  the  joints.  For  water  tanks,  the  caulking  shall  preferably  be  done 
pinside  of  tank  and  joint  only;  but  for  oil  tanks  the  caulking  should  be  done  on  both  sides, 
■n  of  caulking  tool  nr  work  that  injures  the  abutting  plate  shall  l>e  used. 
rMimmum  Thickness  of  Plates.— The  minimum  thickness  of  platrs  in  the  cylindrical 
If  the  t.^nk  sh.dl  not  hi*  less  than  }  in.  and  in  flat  Ixittoms  mA  less  than  ft  in.  In  curved 
Bs  the  thic  kne>55  of  |>late  shall  lie  not  less  than  that  of  the  lower  plate  in  the  cylindrical  |»art. 
r Horizontal  and  Radial  Joints. —Lap  joints  shall  generally  be  used  for  horf/ontal  seams 
Bice^  an<l  fur  radial  seams  in  curved  bottoms. 

JL  Vertical  Joints. — For  vertical  seams  and  splices,  lap  joints  shall  be  used  with  plates  not 
Hum  }  in,  thick.     With  thicker  plates,  double  butt  joints  with  inside  and  outside  strapa  1 
knerally  be  used.     The  edge  of  the  plate  in  contact  at  the  intersection  of  horizontal  and 
B  lap  joints  shall  be  drawn  out  to  a  uniform  taper  and  thin  edge. 

1.  Rivets,  Rivet  Holes»  Punching  and  Pitch. — For  plates  not  more  than  }  in.  thick.  {  in". 
phall  l>e  used.  For  thicker  plates,  I  in,  rivets  shall  be  usetl.  The  diameter  of  ri%'et  holes 
ir  ^  in.  larger  than  the  diameter  of  the  rivets  used.  The  punching  shall  conform  to  the 
Bations  of  this  Association  for  such  work  on  stt»el  bridges.  A  close  pitch,  with  due  regard 
ikness  of  plate  and  balanced  stress  between  tension  on  plates  and  shear  on  rivets,  \b  de«trabie 
Mkingr, 

L  Tar'  ^  r  i-ort. — ^If  the  tank  is  supported  on  a  steel  substructure,  the  latter  shall  con- 
k  th  tions  of  this  As>ifH:iati'>n  for  the  manufacture  and  enaction  of  steel  bridges, 

llh.n    uii'VN.iiu  c  shall  be  made  for  wind  pressure,  but  not  for  impact. 

L  PaintinfE* — In  the  shop  the  metal  shall  be  cleaned  of  dirt,  rust  and  scale  and,  except  the 
6^  f  '  In  itj  Miifih  (  in  ill.-  iMints  of  the  tank,  shall  be  given  a  shop  coat  of  paint  or  metal 
^  sjieci fieri  by  the  company. 

I'  caulked  and  cleaned  of  dirt,  rust  and  scale,  all  exposed  metal 

|b«iU  Ik.  pajtu*jd  uf  to  .it+xl  vvith  such  coat  or  coats  of  paint  or  metal  preservative  as  shall 
Etcd  by  the  railway  d»mfjany, 

■Mans  a  !  ""  ifications. — Under  thes«.'  «pt»cifications  and  in  conformity  thereto  the 
^HbpaTr  use  to  be  prepared  or  shall  approve  detailed  plans  and  sperifirutions  for 

^^K^nen  m  ^^-. ,  njid,  as  it  shall  construct.  Such  plans  and  specifications  shall  cover  all 
^^Hpnk  atJviliarii'S. 

^^KENCES,  I^a/lt  Tnjrst*8  **  Tow^ers  and  Tanks  for  Waterworks,"  second  edition,  1^4. 
^^■y  John  \\  >s,  covers  the  design  and  construction  of  steel  stand-pipes  and  steel 

^^Btiks  on  str  and  supplements  the  data  and  discussion  in  this  chapter.     Con- 

Be  data  on  the  dei^iKu  and  construction  of  stand-pipes  and  elevated  tanks  on  towers  for 
i  service  are  given  in  the  annual  refjorts  of  the  proceedings  of  the  American  Railway  En- 
■g  .\s80ciaUon,  particular  reference  is  made  to  volume  II,  part  2;  volume  I2»  part  3,  and 

hdopCcd.  Anu  Ry.  Eng.  Asaoc.,  Vol.  13,  1912, 
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RULES  FOR  SHOP  DR.\WINGS. 

maker.  The  drawings  should  indicate  the  number  and  arrangement  of  the  rivets  in  each 
k.ion,  as  well  as  the  maximum,  the  usual  and  the  minimum  rivet  pitch  allowed.  Sketch 
loC  the  joint  which  was  completely  detailed  in  Fig.  i  are  shown  in  Fig.  3,  and  the  outline 
I  of  a  roof  truss  by  the  second  method  arc  shown  in  Fig.  4, 
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Fig.  2.    Joint  of  Roof  TRtfss  Completely  Detailed. 
(Section  of  Shop  Oetails  fj  Roof  Truss.) 

;  may  be  detailed  in  the  position  which  they  are  to  occupy,  or  they  may  be  detailed 
For  riveted  trusses  and  rivetud  members  the  entire  trusa  or  member  should  be 
in  powfirtfi      The  detail  shop  plans  for  a  n\*^ted  brace  are  shown  in  Fig,  5.     The  field 
^  show^  ':  and  the  shop  nvets  by  open  circles.     The  center  lines  are  indicait^  by 

\  blark  lines  are  commonly  used  for  dimension  lines,  while  red  dimension 

nrtuiu     II  1   I  hut  do  not  make  as  gfx>d  blue  prints  as  black  lines. 
FOR    SHOP    DRAWINGS.— The  followmg  rules  arc  essentially  those  in  use  by 
'idge  and  structural  shops. 
•  ol  Sheet, — The  standard  size  of  sheet  shall  be  24  X  36  in.  with  two  border  lines  )  and  I  in. 
>m  I  he  p^^  respectively,  see  Fig.  6,    Sheets  18  X  34  in.  with  two  border  lines  )  and  I  in. 
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from  the  edge  respectively,  may  also  be  used.  For  beam  sheets,  bills  of  material,  etc.,  use  1 
size  sheets  8)  X  ii  in. 

Title. — ^The  title  shall  be  arranged  uniformly  for  each  contract  and  shall  be  placed  io 
lower  right  hand  comer.  The  title  shall  contain  the  name  of  the  job,  the  description  U 
details  on  the  sheet,  the  number  of  the  sheet,  spaces  for  approval  and  other  information  as  sh 
in  Fig.  6. 

Scale. — ^The  scale  of  the  lengths  of  the  members  or  skeleton  of  the  structure  shall  be },  ( 
or  i  in.  to  i  ft.,  depending  upon  the  available  space  and  the  complexity  of  the  member  or  struct 
Shop  details  shall  as  a  rule  be  made  }  or  i  in.  to  i  ft.  For  small  details  i )  and  3  in.  to  I  ft  1 
be  used;  while  for  large  plate  girders  i  or  |  in.  to  1  ft.  may  be  used. 

Views  Shown. — Drawings  shall  be  neatly  and  carefully  made  to  scale.  Members  shal 
detailed  in  the  position  which  they  will  occupy  in  the  structure;  horizontal  members  being  sb 
lengthwise,  and  vertical  members  crosswise  on  the  sheet.     Inclined  members  (and  vertical  mem 


^^y\u 


Fig.  3.    Truss  Joint,  Sketch  Detailed. 


when  necessary  on  account  of  space)  may  be  shown  lengthwise  on  the  sheet,  but  then  only ' 
the  lower  end  on  the  loft.  Avoid  notes  as  far  as  possible;  where  there  b  ithe  least  chanct 
ambiguity,  make  another  view. 

In  truss  and  girder  spans,  draw  the  inside  view  of  the  far  truss,  left  hand  end.  Fig.  7. 
piece  thus  shown  will  be  the  right  hand,  and  need  not  be  marked  right.     In  cases  where 
necessary  to  show  the  left  hand  of  a  piece,  mark  "left-hand  shown"  alongside  the  shipping  n 

Show  all  elevations,  sections  and  views  in  their  proper  position,  looking  toward  the  men 
Place  the  top  view  directly  above,  and  the  bottom  view  directly  below  the  elevation.  The  bo 
view  should  always  consist  of  a  horizontal  section  as  seen  from  above. 

In  sectional  views,  the  web  (or  gusset  plate)  shall  always  be  blackened;  angles,  fillers, 
may  be  blackened  or  cross-hatched,  but  only  when  necessary  on  account  of  clearness.     In  a 
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dotted  lines,  or  in  red,  sufEciently  to  indicate  the  clearance  required  or  the  nature  of  the  com 
Plain  building  work  is  exempted  from  this  rule. 

A  diagram  to  a  small  scale,  showing  the  relative  position  of  the  member  in  the  str 
shall  appear  on  every  sheet.  Fig.  8  and  Fig.  9.  The  members  detailed  on  the  sheet  shall  be 
by  heavy  black  lines,  the  remainder  of  the  structure  in  light  black  lines.  Plain  building  1 
exempt  from  this  rule. 

CONVENTiONAL  3iGN3  FOR   RiVET3 
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Fig.  10.    Conventional  Signs  for  Rivets. 


WHien  p)art  of  one  member  is  detailed  the  same  as  another  member,  figures  for  rfvet ) 
need  not  be  repeated;  refer  to  previous  sheet  or  sheets,  bearing  in  mind  that  these  must* 
final  information.  //  is  not  permissible  to  refer  to  a  sheet,  which  in  turn  refers  to  another  sheei 
section,  finished  leng^th,  and  the  assembling  mark  for  each  member  shall  be  shown  on  even 
Main  dimensions  which  arc  necessary  for  checking,  such  as  c.  to  c.  distances,  story  height 
shall  be  repeated  from  sheet  to  sheet.  Holes  for  field  connections  must  always  be  locate 
F)cndcntly,  even  if  figured  in  connection  with  shop  rivets;  they  shall  be  repeated  from  si 
sheet  unless  they  are  standard,  in  which  case  they  shall  be  identified  by  a  mark  and  th 
given  on  which  they  are  detailed. 

The  quality  of  material,  workmanship,  size  of  rivets,  etc.,  shall  be  specified  on  every  s 
far  as  it  refers  to  the  sheet  itself.     Standard  workmanship  need  not  be  specified  on  each  s 

Lettering. — Engineering  News  lettering  as  developed  by  Reinhardt  in  his  book  on  fr 
lettering  shall  be  used  on  all  drawings.  Preferably  main  titles  and  sub-titles  shall  be  ^ 
and  the  remainder  of  the  lettering  inclined.  The  height  of  letters  shall  be  as  follows:  Maim 
capitals  15/50  in.,  small  capitals  12/50  in.;  sub-titles — capitals,  full  height  lower  case  lett< 
numerals  5/20  in.,  lower  case  letters  3/20  in.;  other  lettering — capitals,  full  height  lower  case 
and  numerals  5/30  in.,  lower  case  letters  3/30  in.  Where  the  drawing  is  crowded  the  bod] 
lettering  may  be  5/40  in.  and  3/40  in.  respectively.    The  following  pens  are  recommendet 
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iardt  St  Co/s  Ball-Pointed  No.  516F;  for  all  other  lettering  Hunt  Pen  Co/s  extra  fine  Shot 
,512.     No  (icn  finer  than  Gillott's  No,  303  should  be  used*     Light  pencil  guide  lines 

wii  for  all  lettering.  All  tracings  shall  be  made  on  the  dull  side  of  the  tracing  cloth. 
ih^I  be  made  with  soft  rubber  pencil  eraser  and  a  metal  shield*  Rubtter  erasers  con- 
nd  destroy  the  surface  of  the  cloth  and  make  it  difficult  to  ink  over  the  erased  spot. 

knives  or  steel  cra-scrs  will  not  be  pt*rmitted.     Tracings  shall  be  cleaned  with  a  very 

irraser,  and  not  with  gasolene  or  benzine,  which  destroy  the  finish  of  the  tracing  cloth. 

11  preferably  be  made  with  black  India  ink;  full  lines  to  represent  members,  dash  and 
present  center  lines,  and  dotted  lines  (or  full  light  black  lines)  to  represent  dimension 
permitted  by  the  chief  draftsman  red  ink  may  be  used  for  dimension  and  center  lines* 
of  dimension  lines  shall,  however,  always  be  indicated  by  arrows  made  with   black 


Siglis* — Conventional  signs  for  rivets  are  shown  in  Fig*  10,  Countersunk 
ject  I  in*;  if  less  height  of  rivets  is  requtnrd,  drawings  shall  sptxify  that  they  are  to  be 
r  the  maximum  projection  may  l»e  specifted.  Flattened  heads  project  I  in.  to  A  in-J 
ht  of  heacb  is  required*  they  shall  be  countersunk.  Metals  in  section  shall  be  shown 
II,  Standards  for  rivets  and  riveting  are  given  in  Part  II,  which  see. 
iag  System. — A  shipping  mark  shall  t»e  given  to  each  member  in  the  structure,  and  no 
pieces  shall  have  the  same  mark.  The  marks  shall  consist  of  capital  letters  and  num- 
mcrals  only;  no  small  letlersi  shall  be  used  except  when  sub-marking  becomes  al>s<>lutcly 
.  The  letters  R  and  L  shall  be  used  only  to  designate  **righc'*  and  *ieft/*  Never  use 
'marked**  in  abbreviated  form  in  front  of  the  letter,  for  example  say,  3  Floorbeams  G4, 
Floorbcams,  Mk,  G4.  Whenever  a  structure  is  divided  up  into  different  contracts  care 
taken  not  to  duplicate  shipping  marks.     Pieces  which  are  to  be  shipped  bolted  on  a 


Steel  Steet         Ca^tlron       Cast  Steel         Bronze 

Fig.  II.    Conventional  Signs  for  Metals. 


lalt  also  have  a  separate  mark,  in  onler  to  identify  them  should  they  for  some  reason 
'  become  detached  frtjm  the  main  member.  The  plans  shall  specify  which  pieces  are 
fcd  on  for  shipment*  and  the  necessary  bolts  shall  be  hilled.  For  standard  marking 
'  a  truss  bridge,  see  Fig,  7. 

cm  of  assembling  marks  shall  be  established  for  all  small  pieces  in  a  structure  which 
mselvcs  in  grt*at  numbers.  These  marks  shall  consist  of  small  letters  and  numerals 
I  only;  no  capital  letters  shall  be  use*! ;  avoid  prime  and  sub-marks,  such  as  M^*  Pieces 
the  same  asecmbling  mark  must  be  alike  in  every  respect ;  same  section^  lengthy  cutting 
ng,  etc 

^tU. — Shop  bills  shall  be  written  on  special  forms  provided  for  the  purpose.  When 
fipcar  00  the  drawings  as  well,  they  shall  either  be  placed  close  to  the  memlier  to  which 
I  or  on  the  right  hand  side  of  the  sheet.  When  the  drawings  do  not  contain  any  shop 
Bhall  l»c  MO  written  that  each  sheet  can  have  its  bill  attachecl  to  it  if  desired:  one  page  of 
■khatl  not  contain  hWh  for  two  sheets  of  drawings.  In  large  structures  which  are  sub- 
;o  shipments  of  suitable  size,  both  mill  and  shop  bills  must  be  written  separately  for 
If  rtt  In  writing  the  »hop  bill  bear  in  mind  that  it  shall  ser^'e  as  a  guide  for  the  laying 
J  of  the  member,  l>esides  being  a  list  of  the  material  required.  For  this  reason 
mdioilly  diilerent  as  to  material  shall  n«>t  be  bunched  in  the  same  shop  1>ill. 
which  have  different  marks  be  bunched  in  the  same  item,  even  if  the  material 
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is  the  same.  Bill  first  the  main  material  in  the  member,  and  follow  with  the  smaller  pieces,  tx 
ning  at  the  left  end  of  a  girder,  or  at  the  bottom  of  a  post  or  girder.  On  a  column  each  difff 
bracket  shall  be  billed  complete  by  itself.  Do  not  bill  first  all  the  angles  and  then  all  the  f 
for  example  when  the  end  stiffencrs  in  a  girder  are  billed,  the  fillers  belonging  to  them  shall  k 
immediately  after  the  angles,  and  so  on. 

When  machine-finished  surfaces  are  required,  the  drawing  and  the  shop  bill  shall  spedf) 
finished  width  and  length  of  the  piece,  the  proper  allowance  for  shearing  and  planing  being  o 
in  the  mill  bill.  When  the  metal  is  to  be  planed  as  to  thickness,  the  drawing  and  the  shof 
shall  specify  both  the  ordered  and  the  finished  thickness;  one  pi.  15  in.  X  i  in.  X  i  ft.  6  in.  (pli 
from  13/16  in.). 

Field  Rivets.— A  "  Bill  of  Field  Rivets"  shall  be  made  for  each  structure.  The  "  Bill  of  1 
Rivets"  shall  give  in  order  the  number,  diameter,  grip,  length  and  the  location  of  the  rive 
the  structure.  The  number  of  field  rivets  to  be  furnished  to  the  erector  shall  be  the  actual  niu 
of  each  diameter  and  length  required,  plus  15  per  cent,  plus  10. 

Field  bolts  shall  be  billed  on  "  bill  of  rivets  and  bolts"  only.  Bill  them  similarly  to  fiekiri 
and  give  the  drawing  number  on  which  they  are  shown;  4 — bolts  {  in.  X  2  in.  grip,  3  in.  I 
stringers  "S"  to  floorbeam  *'F"  drawing  No.  13,  4  hex.  (or  4  square)  nuts  for  above  bolts, 
of  bolts  and  bill  of  field  rivets  shall  be  prepared  and  placed  in  the  shop  in  time  to  be  made 
other  material. 

General  Notes. — Full  information  regarding  the  following  points  shall  appear  on  the  drav 

where  practicable  as  "General  Notes."     Loading  ,  Specifications ,  Mai 

,  Rivets Open  Holes ,  Reaming  Requirements ,  OtherSi 

Requirements Painting. 

Erection  Plan. — Make  erection  plans  simultaneously  with  the  shop  plans,  and  keep  sao 
to  date.  The  erection  plans  must  show  plainly  the  style  of  connections;  joints  in  pin  spans  3 
be  shown  separately  to  a  larger  scale.  For  the  erection  plan  of  a  truss  bridge  see  Fig.  7.  Shi] 
bills  showing  the  numl)er  of  pieces,  erection  mark,  and  weight  shall  be  made  for  each  shipi 

Subdivisions. — Every  contract  embracing  different  classes  of  work  shall  have  a  subdr 
for  each  class.  These  subdivisions  will  be  furnished  by  the  chief  draftsman.  Drawings, 
and  shipping  bills  must  be  kept  separate  for  each  class. 

PLATE  GIRDER  BRIDGES.— General  Rules.— The  plate  girder  span  shall  be  laic 
with  regard  to  the  location  of  web  splices,  stiffeners,  cover  plates,  and  in  a  through  span, 
beams  and  stringers,  so  that  the  material  can  be  ordered  at  once.  Locate  splices  and  stifl 
with  a  view  of  keeping  the  rivet  spacing  as  regular  as  possible;  put  small  fractions  at  thee 
girder.  Stiffencrs,  to  which  cross-frames  or  floorbeams  connect,  must  not  be  crimped,  but 
always  have  fillers.  The  outstanding  leg  shall  not  be  less  than  4  in.,  gaged  2I  in.;  this  will e 
cross-frames  or  floorbeams  to  be  swung  into  place  without  spreading  the  girders.  The  scconc 
of  stiffeners  at  the  end  of  girder  over  the  bed-plate  shall  be  placed  so  that  the  plate  will  JM 
not  less  than  i  in.  beyond  the  stiffeners. 

Always  endeavor  to  use  as  few  sizes  as  possible  for  stiffeners,  connection  plates,  etc- 
avoid  all  unnecessary  cutting  of  plates  and  angles.  For  this  purpose  locate  end  holes  for  lat 
and  diagonals  so  that  the  members  can  be  sheared  in  a  single  operation.  In  spans  on  a  g 
unless  otherwise  specified,  put  the  necessary'  bevel  in  the  bed-plate  and  not  in  the  baae-| 
In  short  spans,  say  up  to  50  ft.  put  slotted  holes  for  anchor-bolts  in  both  ends  of  girders, 
larger  diameter  than  the  anchor  bolts. 

In  square  spans,  show  only  one-half,  but  give  all  main  dimensions  for  the  whole  span, 
skew  spans  show  the  whole  span;  when  the  panels  in  one-half  of  span  are  same  as  in  the  < 
half,  give  the  lengths  of  these  panels,  but  do  not  repeat  rivet-spacing,  except  where  it  differ 

In  the  small  scale  diagram,  which  shall  appear  on  every  sheet,  unless  span  is  drawn  in 
show  the  position  of  stiffeners,  particularly  those  to  which  cross-frames  or  floorbeams  conne 

Deck  Plate  Girder  Spans. — On  top  of  sheet  show  a  top  view  of  span,  with  cross^fn 
laterals  and  their  connections  complete,  with  the  girders  placed  at  right  distances  apart.    I 
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'  show  the  elevation  of  the  far  girder  as  seen  from  the  inside,  with  all  field  holes  in  flanges 

eners  indicated  and  blackened.     At  one  end  of  the  elevation  show  in  red  the  bridge-scat 

wall,  give  figures  for  distance  from  base  of  rail  to  top  of  niasonr>',  notch  of  ties,  depth 

thickness  of  base-plate  and  of  bed-plate  or  shoe.     When  the  other  end  of  girder  has  a 

height  from  base  of  rail  to  masonry*  give  both  figures  at  the  one  end,  and  specify  "for 

and  "for  other  end."     If  span  has  bottom  lateral  bracing,  a  bottom  view  (horizontal 

'  shall  be  shown  below  the  ele\'ation»     When  no  bottom  laterals  are  required,  show  only 

i  of  lower  flange  of  girder,  giving  detail  of  base-plate  and  its  connection  to  the  flange. 

♦plate  separately,  never  show  it  in  connection  with  the  base-plate. 

^frames  shall,  whenever  possible,  be  detailed  on  the  right  hand  of  the  sheet  in  line  with 

stioti.     The  frame  shall  be  made  of  such  depth  as  to  permit  it  being  swung  into  place  wiih- 

interfering  with  the  heads  of  the  flange  rivets  in  the  girders.     Always  use  a  plate,  not  a  washer 

hone  rivet,  at  the  intersection  of  diagonals.     In  skew  spans  it  Is  always  preferable  to  have  an 

hren  number  of  panels  in  the  lateral  system. 

T*      _.  _'h  Plate  Girder  Sfkans* — ^Show  on  top  of  sheet  an  elevation  of  the  far  girder  as  seen  from 

V  this  view  show  a  horizontal  section  of  span  as  seen  from  abo%*e  with  the  lateral  s>'stem 

iplete.     It  is  generally  best  to  show  floorbeams  and  stringers  in  red  in  this  view  and  to 

nn  a  separate  sheet.     The  stiffeners  in  a  through  span  should  always  be  arranged  so 

tloor  system  can  be  put  in  place  from  the  center  towards  the  ends.     What  is  said  under 

ms  "  alKJut  showing  bridge*seat,  back  wall,  detailing  bed-plate  separately,  etc,,  applies 

gh  spans  as  well. 

JSS  BRIDGES. — General  Rules. — ^Before  any  details  are  started  all  c.  to  c.  lengths  of 
J  posts,  diagonals,  etc,  shall  be  determined,  and  sketches  made  of  shoes,  panel-points, 
|fctc,,  so  that  the  material  can  be  ordered  as  soon  as  required. 

otherwise  specified,  camber  shall  be  provided  in  the  top  chord  by  increasing  the  length 
'  every  lo  ft.  for  railroad  bridges,  and  A  in.  for  cvcr>^  lo  ft.  for  highT,*'ay  bridges.  This 
!  in  length  shall  not  be  considered  in  figuring  the  length  of  the  diagonals,  except  in  special 
\  directed  by  the  engineer  in  charge.  Half  the  increase  in  length  shall  be  considered  in 
\  the  length  of  the  top  laterals.  Particular  attention  must  be  paid  to  what  is  said  under 
il  Rules**  about  showing  part  of  adjoining  member  in  red,  and  about  the  small  scale  dia- 
I  every  sheet. 

f  every  truss  bridge  an  erection  diagram  shall  be  made  on  a  separate  sheet*  giving  the  ship- 
rks  of  the  different  members  and  all  main  dimensions,  such  as  c.  to  c.  trusses,  height  of  truss, 
rAm\  length  of  panels,  length  of  diagonals,  distance  from  base  of  rail  to  masonry,  distance 
Tttom  chord  or  pin  to  masonry,  sixc  and  grip  of  pins  ('F'ig.  7),  alsso  show  in  larger 
^  at  panel  points,  state  any  special  feature  which  the  erector  needs  to  look  out  for, 
utximatc  weight  of  heavy^  and  imjxirtant  pieces  when  their  weight  exceeds  five  tons. 
it  is  doubtful  whether  rivets  can  be  driven  in  the  field,  the  erection  diagram  and 
t  detail  flrawings  shall  state  that  **  turned  bolts  may  be  used  if  rivets  cannot  lie  driven/* 
i$\*ing  number  and  contents  of  drawings  belonging  to  the  bridge  shall  also  appear  on  the 
:tion  diagram  sheet. 

Truss  Bridges. — In  square  spans,  not  too  large,  show  the  left  half  of  the  far  trtiss  as 
'  inside  and  detail  all  members  in  their  true  position,  making  scale  of  the  skeleton  one- 
Irtails.     In  skew  spans,  not  s?>'mmetrica^  show  the  whole  of  the  far  truss.     In 
ry  member  separately.     When  detailing  web  members  bear  in  mind  that  the 
{•|H«iiii  tin  the  chord  must  not  be  used  as  a  working  point  for  a  mcmlicr  which  stops 
chfird.     A  separate  working  point,  preferably  the  end  rivet,  shall  l>e  established  on 
^  proper,  and  sshall  be  tied  up  ^'ith  the  interijection  point  on  the  chord. 
t  dMinnec  between  the  chord  and  a  web  member  entering  same  shall,  whenever  possible, 
\  than  1  in.  in  heav>'  and  1^  in.  in  light  structures. 
|r^*  hall  be  marke<l  with  the  panel  points  brtween  w*hich  they  go,  for  example,  end- 

wnical  U\-Li\  top  chord  Ux-Ui,  etc.,  see  Fig*  7. 
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Pin-connected  Truss  Bridges. — In  pin-connected  truss  bridges  detail  the  left  half  of  die  fi 
truss  as  seen  from  the  inside,  every  member  by  itself.  It  is  generally  best  to  commence  irithd 
end-post,  showing  it  lengthwise  on  the  sheet  with  the  lower  end  to  the  left;  then  the  fint  aets 
of  the  top  chord,  and  so  on.  The  packing  at  panel  points  shall,  whenever  poaeible,  be  so  ana^ 
that,  besides  the  customary  allowance  of  ^  in.  for  every  bar,  a  clearance  cd  not  less  than  |  ina 
be  provided  between  the  two  sides  of  the  chord.  When  two  or  more  plates  are  used,  A  in-  sW 
in  addition  be  allowed  for  each  plate.  Members  shall  be  marked  the  same  as  for  riveted  tn 
bridges,  with  the  panel  points  between  which  they  go,  see  Fig.  7. 

Order  of  D.etailing  Truss  Spans. — In  making  detail  plans  and  bills  of  material  the  foUoiin 
order  shall  be  followed  for  truss  spans. 

1.  General  drawing;  7.  Upper  laterals; 

2.  End-posts;  8.  Lower  laterals; 

3.  Upper  chords;  9.  Floorbcams; 

4.  Lower  chords;  10.  Stringers; 

5.  Intermediate  posts;  II.  Castings,  bolts,  eye-bars,  pins,  etc 

6.  Sway  bracing; 

OFFICE  BUILDINGS  AND  STEEL  FRABfE  BUILDINGS.— Number  of  Dnwingi.'Th 
different  sheets  shall  be  numbered  consecutively,  whether  large  or  small.  No  half  numbenfl 
permissible  except  in  emergency  cases.  It  is  always  well  to  arrange  the  number  so  that  thedMd 
follow  in  the  order  in  which  the  material  is  required  at  the  building.  The  following  is  genent 
a  good  order: 

1.  Floor  plans  for  all  floors; 

2.  Column  schedule; 

3.  Cast-iron  bases  for  columns; 

4.  Foundation  girders; 

5.  Foundation  beams; 

6.  First  tier  of  columns; 

7.  Riveted  girders,  connecting  to  first  tier  of  columns 

8.  Beams  connecting  to  first  tier  of  columns; 

9.  Miscellaneous  material  for  above; 
10.  Second  tier  of  columns,  etc.,  etc. 

Floor  Plans. — Floor  plans,  Fig.  12,  shall,  as  a  rule,  be  made  to  a  scale  J  in.  to  1  ft.  A  sepafi 
plan  shall  be  made  for  each  floor,  unless  they  are  exactly  alike.  Columns  shall  be  marked  cons 
utively  with  numerals,  the  word  Col.  always  appearing  in  front  of  the  numeral,  for  exami 
Col.  20.  The  architect  or  engineer  has  generally  on  his  drawing  adopted  a  system  of  marldiig 
the  columns,  which  should  be  adhered  to,  unless  altogether  too  impracticable.  Riveted  gini 
shall  be  indicated  with  two  (2)  fine  lines  when  they  have  cover  plates,  and  with  four  (4)  fincH 
when  they  have  no  cover  plates.  They  shall  be  marked  coUvSccutively  with  numerals,  using 
same  marks  for  girders  which  are  alike.  Beams  and  channels  shall  be  indicated  with  one  sit 
heavy  line.  They  shall  be  marked  the  same  as  girders,  with  numerals,  using  same  marks  w 
alike.  Tie-rods  shall  be  indicated  with  one  single  fine  line;  they  need  not  have  any  marks, 
marking  system  shall  be  as  uniform  as  possible  for  the  different  floors,  i.  e.,  a  beam  which  g 
between  Col.  2  and  Col.  3  shall  l)e  marked  with  the  same  numeral  throughout  all  the  floore. 
figures  necessary  for  making  the  details  shall,  as  a  rule,  appear  on  the  floor  plan,  care  being  ta 
in  writing  same  to  leave  room  for  the  erection  marks,  which  must  be  printed  in  heavy  typeab 
the  line  or  lines  representing  a  beam  or  girder. 

Column  Schedule. — For  every  large  building  a  schedule  of  the  columns  shall  be  made  bd 
the  details  are  started,  see  Fig.  13.  Elach  column,  even  should  several  be  alike,  shall  haveiKj 
ate  space,  in  which  shall  be  given  the  material  and  the  finished  length.  As  soon  as  the  <k 
drawings  for  one  tier  of  columns  are  finished  the  sheet  numbers  shall  be  inserted  as  shown  on 
sample  schedule,  Fig.  13,  making  the  schedule  serve  as  an  index  for  the  column  drawings. 
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ttmns. — Columns  shall,  whenever  possible,  be  drawn  standing  up  on  the  sheets  as  they 

n  the  building.     If  it  becomes  necessary  to  draw  them  lengthwise  on  the  sheet,  the  base 

to  the  left.     Particular  attention  shall  be  paid  to  establishing  a  marking  system  for 

(,  splice-plates,  etc.     A  summary  of  all  these  standard  pieces  shall  be  made  for  each  tier 
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Fig.  12.    Floor  Plans  for  Office  Buildings. 

:  to  the  shop  as  early  as  practicable,  in  order  that  they  may  be  gotten  out  before  the  main 
is  taken  up.     The  material  for  the  small  pieces  shall,  as  far  as  possible,  be  chosen  from 

ees.    Columns  shall  be  marked  with  the  numbers  of  the  floors  between  which  they  go; 

1-3).  The  lower  tier  is  best  marked  ''  Basement  Tier."  Standard  details  for  columns  are 
Fig.  14  and  Fig.  15. 

ated  Oiftfanu— Gifden  shall  be  marked  with  the  number  of  the  floors,  not  with  letters. 
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unless  requested ;  for  example,  2d  Floor,  No.  5.  What  is  said  under  columns  about  markiiig  s) 
for  standard  pieces  applies  to  girders  as  well.  When  a  girder  is  unsymmetrical  about  the  < 
line,  and  a  question  may  arise  how  to  erect  it,  one  end  shall  be  marked  with  the  number  ( 
column  to  which  it  connects,  or  with  North,  South,  East  or  West.     Girders  must  not  be  boi 
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Fig.  13.    Column  Schedule  for  Office  Buildings. 

together  for  the  clifferont  floors  more  than  to  meet  the  requirements  in  the  field;  but  they  c 
correspond  to  the  tiers  of  columns  as  they  will  be  erected. 

Beams. — Beams  shall  be  drawn  on  the  standard  forms  provided  for  the  purpose.  ' 
need  not  be  drawn  to  scale,  see  Fig.  16  and  Fig.  17.  Beams  shall  be  marked  the  same  asgi^ 
with  the  number  of  the  fl(X)r;  One  12"  I  @  40  lb.  X  i9'-3}".  (Mark)  2d  Floor  No.  35-  ^ 
is  said  under  girders  al)out  marking  one  end,  when  not  symmetrical  around  the  center  UnCi 
about  not  bunching  the  different  floors  more  than  to  meet  the  requirements  in  the  field,  ai 
to  beams  as  well. 

W^henever  possible  use  standard  framing  angles,  Tables  117  and  118,  Part  II.  If  it  is ck 
necessary  to  use  6  in.  X  6  in.  angles,  punch  both  legs  the  same  as  the  6  in.  leg  of  standard;  in  si 
3}  in.  or  4  in.  X  3}  in.  angles,  punch  both  legs  the  same  as  4  in.  leg  of  standard.    It  is  not 
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impefadvc  that  the  gage  of  the  framing  angles  shall  be  standard  as  long  as  the  vertical  distance 
;n  the  holes  and  in  the  6  in.  leg  the  horizonUl  disUnce  (2  J  in.),  are  kept  sUndard.  Holes 
inections,  tie-rods,  etc.,  shall  be  located  from  one  end  of  the  beam,  preferably  the  left.  If 
d  rests  on  the  wall  and  the  other  end  is  framed,  then  figure  from  the  latter  end,  be  it  right 


tkierfdl  in  Base 
21}  do.  nO'Ti* 


Fig.  14.    Standard  Details  for  Bethlehem  H  Columns. 


This  rule  may  be  dispensed  with  in  case  of  numerous  holes  regulariy  spaced  in  web  or 
r  connection  oC  shelf-Angles,  buckle-plates,  etc.  The  allowed  overrun  at  ends  of  beams 
rays  be  indicated,  either  by  giving  figures  or  by  showing  wall  bfcanivi^.    Ho\«&  ^1  >^  «»i^. 


^ 
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15.    Standard  Details  for  Built-up  H-Columns. 
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Fig.  16.    Standard  DETAas  for  Rolled  Beams. 
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of  beam  for  anchors  are  best  figured  from  wall  end,  not  connecting  them  with  other  figui 
distance  between  end  holes  in  beams  which  connect  through  web  or  flange  to  columns,  gir 
shall  always  be  given.  When  framing  angles  are  standard,  do  not  give  any  figures  for  ei 
or  field  rivets,  except  the  distance  from  bottom  of  beam  to  center  of  connection  or  to  fin 
framing  angle,  and  the  horizontal  distance  between  field  holes.  When  special  framing  £ 
used,  the  fact  must  be  noted  and  figures  given  for  gages,  etc.  For  standard  connectioi 
web  of  beam  all  figures  required  arc  the  distance  from  bottom  of  beam  to  centre  of  conr 
to  first  hole  and  the  horizontal  distance  between  holes.     Whenever  possible  use  standard  ] 
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Fig.  17.    Standard  Details  for  Rolled  Beams. 

ERECTION  PLAN  FOR  MILL  BUILDINGS.— The  preceding  method  for  office 
will  need  considerable  modification  for  steel  frame  mill  buildings.  The  following  m< 
making  erection  plans  for  steel  frame  mill  buildings  has  been  found  very  satisfactory. 

If  the  points  of  the  comF)ass  are  known,  mark  all  pieces  on  the  north  side  with  the 
those  on  the  south  with  the  letter,  S,  etc.  Mark  girts  N.G.i ;  N.G.2;  etc.  Mark  all  poj 
different  number,  thus:  N.P.i;  N.P.2;  etc.  Mark  small  pieces  which  are  alike  with 
mark;  this  would  usually  include  everything  except  fx)sts,  trusses  and  girders,  but  in 
follow  the  general  marking  scheme,  where  pieces  are  alike  on  both  sides  of  a  building,  cl 
general  letter;  e.  g.,  N.G.7  would  be  a  girt  on  the  north  side  and  S.G.7  the  same  girt  on  sc 
Then  in  case  the  north  and  south  sides  are  alike,  only  an  elevation  of  one  side  need  be  sh 
un^^T  it  a  note  thus:  "Pieces  on  south  side  of  building,  in  corresponding  positions  have 


STANDARD  DETAILS  FOR  ANGLE  STRUTS. 


409 


£yi^_ 


-'-WW- 

I 

ss/  i 


//^J^' ^<jr5^' 

>- >- 4^41 


i'vi'S 


i-i'xf 


//I  J/ 


One  Strut  I4'0 


4'0' 


\2i'H' 


^Ol 


4'0' 


^ A—*-- 


-^ 


:    ?e6'*4'*i'*o'4i'Ba»  g•^f> 

S  <SZ  \  2  Struts  12' 0" 


2aal 


rfl        H'        Z&6'*A'*i'y^S'8i'(li'b-tobO 


i'/i' 


-t5^- 


:r 


'/pt-8'*V'0'io'p9      -?iV?"*-' 


7?  <r-A>ff- 


ILS'^ii'^f^'S'S 


IP/'l2''*y^0'Sjp/0x 


1^  Iff 


One  Piece  8  6j 


'^^  »-*^    3f  cioc 


g^X^^— '-"* ^ ----- ^ --'^^^  '^' 


///J^ 


''  /Ti : JPJracesjyit 


I 


A'5! 


Saam  93  KS^xci^asshomf 

6  Braces  4'llV 


H i.Tir-_"----'-r- J         *>i 

Fza  i8.    Standard  Details  for  Angle  Struts. 


410 


STRUCTURAL  DRAFTING. 


Chap.  XIL 


number  as  on  this  side,  but  prefixed  by  the  letter,  S,  instead  of  the  letter,  N."  Mark  tnun 
T.i;  T.2;  etc.     Mark  purlins  R.i;  R.2;  etc. 

The  above  scheme  will  necessarily  have  to  be  modified  more  or  less  according  to  circini> 
stances;  for  example,  where  a  building  has  difTcrent  sections  or  divisions  applying  on  the  same  onler 
number,  in  which  case  each  section  or  division  should  have  a  distinguishing  letter  which  sbould 
prefix  the  mark  of  every  piece.  In  such  cases  it  will  perhaps  be  well  to  omit  other  letters,  such  u 
N.,  S.,  etc.,  so  that  the  mark  will  not  be  too  long  for  easy  marking  on  the  piece.  In  genenl, 
however,  the  scheme  should  be  followed  of  marking  all  the  larger  pieces,  whether  alike  or  not, 
with  a  different  mark.  This  would  refer  to  pieces  which  are  liable  to  be  hauled  immediately  to 
their  places  from  the  cars.     But  for  all  smaller  pieces  which  are  alike,  give  the  same  mark. 

DETAIL  NOTES. — Sections. — End  views  of  sections  shall  be  shown  as  in  (a)  Fig.  19,  and 
sections  shall  be  cross-hatched  or  blackened  as  shown  in  (b)  Fig.  19. 

Assembling  Note. — Covers,  webs,  flange  angles,  etc.,  must  not  be  marked  alike  when  it 
would  be  necessary  to  turn  them  end  for  end,  see  (c)  Fig.  19. 

Rivet  Spacing. — Rivet  spacing  must  be  tied  up  from  end  to  end. 
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(a) 


t  •/*  9'  ori' n"  L 


(b) 


jV/' 


4'3'f 


/'/'L5i3ixixZ0'0"bd 


— •-•>! 


^-/'LSisirfxZO'Vba' 

(C)  (d) 

Fig.  19. 

Connection  Plates. — In  detailing  connection  plates  wherever  bevel  for  holes  on  lines  "b," 
(d)  and  (e)  Fig.  19,  is  different,  spacing  for  holes  on  lines  "a"  should  be  made  different  to  prevoit 
plates  from  being  interchanged. 

Writing  Angles. — In  writing  angles  give  the  longer  leg  first,  i-L  6"  X  4"  X  J"  X  lo'-oj". 

Writing  Plates. — In  writing  plates  the  width  of  the  plate  is  given  in  inches,  the  thickness ii 
inches,  and  the  length  in  ft.  and  in.;  2-PI.  48"  X  I"  X  is'-of.  A  length  of  9  in.  should  be 
written  o'-9"  and  not  9".  The  width  of  a  plate  is  the  dimension  at  right  angles  to  the  lengtk 
of  the  member,  while  the  length  of  a  plate  is  the  dimension  parallel  to  the  length  of  the  membcf 
to  which  the  plate  is  attached;  except  that  for  lacing  bars,  tie  plates  and  other  universal  ml 
plates  6  inches  and  less  in  width  the  least  dimension  is  taken  as  the  width  of  the  member,  aai 
for  splice  plates  the  width  is  the  dimension  at  right  angles  to  the  splice. 

Writing  Sections. — Sections  are  written  as  follows:   i-I  12"  @  40  lb>X  16-3 J". 

Miscellaneous. — Bevels  may  be  shown  as  so  many  inches  in  12",  (a)  Fig.  20;  or  where  con- 
venient the  total  lengths  may  be  given  as  in  (b)  Fig.  20.  The  latter  method  is  the  better  as  it 
assists  the  checker  and  the  templet  maker. 

The  maximum  amount  that  one  leg  of  an  angle  can  be  bent  is  45®.  For  a  greater  bend  tbtf 
45°  a  bent  plate  shall  be  used,  (c)  Fig.  20. 

The  center  to  center  length  of  stiff  laterals  should  be  not  less  than  ^  in.  short. 

Do  not  use  2  sizes  of  rivets  in  the  same  leg,  or  same  angle,  or  same  piece  unless  ab0olotely| 
necessary. 
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RULES  TO  FACILITATE  ERECTION. 


Wlicrr  unequal  legged  angles  arc  used  mark  the  width  of  one  leg  uf  the  angle  on  the  leg, 
Wlicre  heavy  laterals  are  spliced  in  the  niiddle  by  a  plate,  ship  the  plate  riveted  to  one  angle 

Do  not  countersink  rivets  in  long  pieces  unless  absolutely  necessary* 

Da  not  diiiw  any  more  of  a  member  than  necessary,  and  do  not  dimension  the  same  piece 
veral  times. 

ReTxssag  Drmwiiigs, — When  drawings  have  been  changed  after  having  been  first  approved, 
fciust  be  marked,  Rcvisi»]  (give  date  of  revision). 


Fig.  20. 

Measuring  Angles. — All  measurements  on  angles  are  to  be  made  from  the  back  of  the  angle, 
pd  not  from  the  edge  of  the  flange.  The  center  to  center  distance  between  open  holes  should 
mFmy  be  given  for  each  piece  that  is  shipped  separate,  in  order  that  the  inspector  can  check  the 
iece- 

Widtli  of  Angles. ^ — The  widths  of  the  legs  of  angles  are  greater  than  the  nominal  widths, 
fSc  angle  ha*  been  rolled  with  a  finilhing  rull.  The  over-run  for  each  leg  is  equal  to  the 
Dcnittal  wtdih  of  the  leg  plus  ihe  increase  in  thickness  of  leg  made  by  spreading  the  rolls.     For 

nptc  finishing  rolls  are  used  for  rolling  3"  X  3"  angles  with  a  thickness  of  J".     The  actual 

;th  'if  the  leg  of  a  3"  X  3"  angle  is  as  follows:  angle  3"  X  3"  X  i".  leg  3";  angle  3"  X  3"  X  A". 
f^   %^'':  aogte  3"  X  3"  X  1^'.  leg  3»";  angle  3"  X  3"  X  J",  leg  3J";  angle  3''  X  3"  X  r\ 

THf  «v»r-nm  of  Ptncoyd  angles  are  given  in  Table  27,  Part  11;  and  the  over-run  of  Pennsyl- 

TTipanv's  angi'^  are  given  in  Table  28,  Part  11. 

TO  BE  OBSERVED   IN   ORDER  TO  FACILITATE  ERECTION.— The  first 

ise  and  safety  in  erection  should  be  to  so  arrange  all  details,  joints  and  con- 

tructure  may  be  connected  and  made  self-sustaining  and  safe  in  the  shortest 

Entering  connections  of  any  character  should  be  avoided  when  possible,  notably 

floijrtieam  and    stringer  connections,  splices  in  girdcn*,  etc.     Wlicn   practicablei 

-rr  so  arranged  as  to  avoid  having  to  put  members  together  by  entering  them  on  end, 

i'  ;    tf>  get  the  necessary  clearance  in  which  to  do  this.     In  all  through  spans 

I  be  «o  arranged  that  the  flor3r  system  can  be  put  in  place  after  the  trusses 

1  in  their  final  pi>sition.  and  vice  versa,  so  that  the  trusses  or  girders 

-ystem  has  been  set  in  place*     All  lateral  bracing,  hitch-plates,  rivets 

!  \  be  kept  clear  of  the  bottoms  of  the  tics,  It  being  expensive 

'ns.     Lateral  plates  should  Ije  shipped  lcx>se,  or  bolted  on 

not  t»mject  *.»uistde  of  the  member^  whenever  there  is  danger  of  their  being  l»rokcn 

'  f'd  handling.     Loose  fillers  should  be  avoided,  but  they  should  be  tacked  on  with 

r.  when  necessary. 

'^    t  t  wiirk,  viaducts  and  similar  structures*  where  longitudinal  girders  frame 

ingles  should  be  prm^ided  on  the  latter.     In  these  suucvutesi  v\ve fak\K«vssvwL 
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must  Se  kr^e 
enough  to  per  ^ 
m/t  access  do  hsf^B  for 
r/vet/ng* 
^  At  *'X"cut  Nances 

square  as  shown  by  Full  Ifne  and  not  bei^e/- 
edes  shown  by  dotted  fine 


*  Ck^wce  "b  ** should  be  at  kast^  snd^  iFpossitit' 
Clearance  '^c'shou/dbeatleast^"* 
Ckarance  ''(^'should  be -fg' plus  g For  each  addiM 
web^ste  when  more  than  two  are  In  chord* 

*e" 


Clearance  **d  **  should  never  be  less 
thanj" 


Clearance  "  f  "should  be  ^  when        ,   » 
possible  but  specif /cat Ions  may  calllbrj  *  pv^ 
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Clearance  *'g  ^should  be  about  ^  "^ 
never  less* 


Clearance  ''k" should  never  be  kss  than  I'- 


Fig.  21.  Clearance  Standards.  American  Bridge  Company. 
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*  I       I 

•  /77   I  /77  ' 
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yjce  "a^shouidneverbekssthan^ 

YKe  '*b*'shaM  never  be  /ess  than  ^"from  center  line  to  each  piece,  and 

^e  shouid  be  ^"^ 

vKe  ''h^shw/d  never  be  /ess  thanf  and  as  a  ru/eshwddbe  /"• 

fs  give  Figure  for  distance  "m'^on  detai/  for  use  ofchec/cer* 

standard  framing  ang/es  are  used,  maice  "m ''»  6^  "• 

nces  g/mfs/nx/A/be  a//owed/n  addition  to  overrun  oFan^es  • 

[G.  22.    Clearance  Standards.    American  Bridge  Company. 
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Fiu  25.    Standards  for  Lacing  Bars,    American  Bridgl  t  it\iv\\\. 
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b  sbould  be  so  arranged  that  the  rivets  connecting  the  fixed  span  to  the  cross  girder  can  be 
n  After  the  expansion  span  is  in  place.  In  viaducts,  etc.,  two  spans,  abutting  on  a  bent, 
d  be  fto  arranged  that  either  span  can  be  set  in  place  entirely  independent  of  the  other.  The 
tbixis  appli^  to  girder  span**  of  different  depth  resting  on  the  same  bent.  Holes  for  anchor* 
AhoukJ  be  Boafianged  that  the  holes  in  the  masonry-  can  be  drilled  and  the  bolts  put  in  place 
tJie  strturcure  has  been  erected  complete. 

^^fuetum  consisting  of  more  than  one  span  a  separate  bed-plate  should  be  provided  for 
^■fc.  This  is  particularly  important  where  an  old  structure  is  to  be  replaced;  if  two  shix's 
^K  on  one  bed  plate  or  two  spans  connected  on  the  same  pin,  it  would  necessitate  removing 
^Bi|iAfi&  in  order  to  erect  one  new  one.  In  pin-connected  spans  the  section  of  top  chords 
inhc  cnmtrr  should  be  made  with  at  least  two  pin-holes.  In  skew  spaas  the  chord  splices 
d  be  8CI  located  that  two  opposite  panels  can  be  erected  without  moving  the  traveler.  Tie 
I  ^ould  be  kept  far  enough  away  from  the  joints  and  enough  rivets  should  be  countersunk 
i  the  cbord  to  allow  eye-bars  and  other  members  being  easily  set  in  place.  Posts  with 
ids  or  aoglcs  turned  out  and  notched  at  the  ends  should  be  avoided  w  ht^ncvcr  possible. 
>EBERI1fG  BCATERIAL.— Bridge  Work.— Ordinarily  plates  less  than  48  in.  wide  are 
ed  tr.  Kfl.  (universal  mill  or  edge  plates),  but  when  there  is  no  need  for  milled  edges  and 
livery  ts  essential  specify  either  U.  M.  or  sheared.  Never  order  widths  in  eighths. 
tuuversal  (edge)  plates  over  4  in.  in  width  should  be  ordered  in  even  inches,  fiats  under 
be  o«idered  by  J  in.  variation  in  width.  Flats  {  in,  and  under  in  thickness  are  very 
)  secure  from  the  mills  and  should  be  avoided  if  possible. 
;  mitts  are  allowed  a  variation  of  J  in.  in  width  of  plates,  over  or  under,  and  a  variation 
lefl^h,  over  or  under,  from  the  ordered  width  or  length.  Rolling  mills  are  allowed  a 
of  I  in.  over  or  under  the  ordered  length  of  beams,  channels,  angles,  veeSi  etc.  An 
piioc^  is  charged  for  cutting  to  exact  length.     See  Chapter  XI 11. 

Uow  A  ifu  in  thickness  for  planing  plates  2  ft.  6  in.  square  or  less,  i  in.  for  plates  mortf  than 
square,  and  1  in.  for  columns;  chords  and  girders  which  have  milled  ends  are  ordered 
than  the  finished  dimensions. 
ln%  should  he  orrlen*d  i  in.  less  than  the  back  to  back  of  flange  angles  unless  a  less 
\lm  specified.     Web  plates  should  preferably  be  ordered  in  even  inches  and  the  distance 
ick  of  angles  made  in  fractions. 

,  anglc:»*  beams  or  channels  are  bent  in  a  circle  allow  9  in.  to  12  in.  for  bending. 
iU!»  should  be  ordered  to  the  length  of  the  outside  of  the  bend. 


Fig.  24,     Beams  Between  Columns. 

plates,  Urgp  plates  w^ith  angle  cuts,  etc.,  should  be  ordered  as  sketch  plates, 
nount  of  waste  if  ordered  rectangular  will  exceed  20  per  cent.     Mills  will  not  make  re- 
plat  r«  or  sha|)cs, 

bicing  bars  add  A  in,  to  the  finished  length  and  order  in  multiple  lengths, 
fG  MATERIAL.— Building  Work.— Order  beams  in  foundation  neat  length. 
framing  into  iHrams  I  in.  short  for  each  end,  see  Fig.  24. 
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Order  main  column  material  }  in.  long  for  milling  both  ends  (this  takes  care  of  permii 
variation  in  length  of  plus  or  minus  }  in.  as  well  as  the  milling). 

Order  girder  flange  angles  and  plates  i  in.  long. 

Order  girder  web  plates  i  in.  short,  where  end  connections  are  used. 

Order  girder  web  plates  neat  length,  where  end  connections  are  not  used. 

Order  girder  web  plates  i  in.  less  in  width  than  back  of  flange  angles. 

Order  stiffener  angles  J  in.  long. 

Order  fillers  under  stiffeners  neat  length. 

Add  -^  in.  to  each  lacing  bar  and  order  in  multiple  lengths. 

SHAPES  AND  PLATES  MOST  EASaY  OBTAINED.— The  ease  with  which  di£F' 
commercial  sizes  of  shapes  and  plates  may  be  obtained  from  the  rolling  mill  varies  with  the 
and  with  the  demand.  Where  any  section  is  in  demand  rollings  are  frequent  and  the  order 
promptly  filled,  while  the  order  for  a  section  not  in  demand  may  have  to  wait  a  long  time 
sufficient  orders  have  accumulated  to  warrant  a  special  rolling. 

The  following  list  of  plates  and  sections  is  fairly  accurate,  the  list  varying  from  time  to  i 

Plates. — Plates  most  easily  obtained. 

Width.  Thickneas,  Width.  ThkkneflS. 

In.  In.  In.  In. 

ij  A  and  J  5  i  and  up 

I }  A  and  }  6  i  and  up 

2  A  and  J  7  i  and  up 
2i  i  and  up  8  i  and  up 
2}            i  and  up  9  i  and  up 

3  }  and  up  10  i  and  up 
3i            i  and  up           12  i  and  up 


4 


i  and  up  14  i  and  up 


Over  14  in.  in  width  it  is  immaterial  what  width  of  plate  is  specified. 

Squares  and  Rounds. — Squares  and  rounds  most  easily  obtained. 

Rounds,  i",  r,  i",  i",  I}",  li''. 

Squares,  i",  i".  l",  l}".  I  J". 

All  other  sizes  are  liable  to  cause  delay. 

Beams. — Sizes  of  I -Beams  which  can  be  obtained  most  readily. 

Depth. 

6" 

8" 

10" 

12" 

15" 

18" 
20" 
24" 

Sizes  of  I-Beams  which  may  be  used  but  for  which  prompt  deliveries  may  not  be  exp 
Depth.  Weight. 

5"  9l  lb. 

7"  15    lb. 

9"  21    lb.  251b. 

Beams  of  weights  different  from  the  above  can  always  be  obtained  from  the  mills  but  i 
readily  as  those  given.  Beams  of  minimum  section  can  always  be  dbtained  more  readily 
heavier  section's. 


Weight. 

I2i  lb. 

18    lb.  20 J  lb. 

25    lb.  30    lb. 

3iJlb.35    lb. 

40  lb. 

42    lb.  50    lb. 

60  lb. 

55    lb.  60    lb. 

70  lb. 

65    lb.  80    lb. 

80    lb.  90    lb. 

100  lb. 
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Channels. — Channels  which  can  be  most  readily  obtained  from  the  mills. 

De|>th.  Weight. 

6"  8    lb. 

8"  Ililb.  I8llb. 

lo"  15    lb.  20    lb.  25  lb. 

12"  20J  lb.  25    lb.  30  lb. 

15"  33    lb.  40    lb.  50  lb. 

Sizes  which  may  be  used  but  for  which  prompt  deliveries  cannot  be  expected. 
DeDth.  Weight. 

5"  6i  lb. 

7"  9i  lb. 

9"  I3i  lb. 

Giannels  of  weights  diflfcrent  than  those  given  above  can  always  be  obtained  at  the  mills 
mt  not  so  readily  as  those  given.  Channels  of  minimum  section  can  always  be  obtained  more 
■idily  than  heavier  sections. 

Angles. — ^Angles  most  easily  obtained  from  the  mill. 
Even  legs.— 2j"  X  2J";  3"  X  3";  3J"  X  3i";  4"  X  4";  6"  X  6". 
Une^-en  legs.— 2i"  X  2";  3"  X  2J";  3i"  X  3";  4"  X  3";  5"  X  3i";  6"  X  4". 
Angles  which  may  be  used  but  for  which  prompt  deliveries  cannot  be  expected. 
Even  legs.— 2"  X  2";  2J"  X  2i";  5"  X  5";  8"  X  8". 
Unev-en  legs.— 3"  X  2";  3i"  X  2J";  4"  X  3J";  6"  X  3i". 
Angles  4"  X  3J";  5"  X  4";  7"  X  3  J"  and  8"  X  6"  are  very  difficult  to  obtain. 
To  obtain  prompt  deliveries  as  few  sizes  and  shapes  as  practicable  should  be  used  for*any 
ootract.     For  example  if  6"  X  4"  angles  are  used  6"  X  3J"  should  be  avoided,  and  vice  versa.  • 
Tec«.— If  possible  the  use  of  Tees  should  be  confined  to  3"  X  3"  X  i"  and  2"  X  2"  X  A", 
Dd  even  these  sizes  are  uncertain  of  delivery. 

Zees. — ^The  delivery  of  zees  is  uncertain  and  will  depend  upon  special  rollings,  which  do  not 
xur  frequently.     The  following  sizes  are  the  most  used,  and  are  therefore  most  easily  obtained. 
Web.  Thickness. 

3"  i".  A"  and  r 

4"  '  •,,.    .  r.  A"andr 

5"  A",  i"  and  i"  '• 

6"  r.  J",  i".  i".  r  and  I" 

Stock  ICateriaL — ^The  Pennsylvania  Steel  Company  carries  the  following  material  in  stock 
50  ft.  lengths  for  use  in  its  structural  plant. 

Anslet,  Even  Legs.  Angles.  Uneven  Legs. 

6"  X  6"  X  A"  and  i"  6"  X  4"  X  J",  A"  and  J" 

4"  X  4"  X  r  and  A"  5"  X  3J"  X  f".  A"  and  J'' 

3i"  X  3J"  X  r  and  A"  4"  X  3i"  X  A"  and  f' 

3"  X  3"  X  A".  I"  and  A"  3i"  X  3"  X  A"  and  J" 

3"  X  2j"  X  A"  and  r 
Plates.  Flats. 

20"  X  I"  and  J"  7"  X  i" 

18"  X  I"  and  i"  6"  X  I"  and  }" 

16''  X  r  and  i"  3J"  X  I",  i"  and  J'' 

15"  X  r  and  J"  3"  X  i"  and  A" 

14"  X  r  and  J"  2i"  X  r  and  A" 

13"  X  r  and  i"  2i"  X  A"  and  f 

12"  X  I",  A"  and  i"  2"  X  J"  and  A" 


10"  X  I"  and  A" 
9"  X  I" 


28 
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Lengths  and  Widtilis  of  Plates. — ^The  maximum  sizes  and  lengths  of  shapes  and  pi 
rolled  by  the  Carnegie  Steel  Company  and  the  Illinois  Steel  Company  are  given  in  Tai 
Table  VII,  inclusive. 

TABLE  I. 

Maximum  Lengths  of  Shapes;  Carnegie  Steel  Co. 


I  Beams: — 

24"  to  12" 75  ft. 

10"  to  5" 70  " 

4"  and  3" 50  " 

Channels: — 

15"  to  12" 75  ft. 

10"  standard 70  " 


lo'^  spacial. 
9"  to  5". . 
4"  and  3". 
Tees:^ 

5"  to  i". . . 
Zees: — 

6"  and  5". . 

.n  s/  Iff 


xr 


80  •* 
70" 
50" 

50  ft. 

70  ft. 
65 ': 


4"  X  H  and  under 70 


70 


Deck  Beams: — 

10" 45  ft. 

9"  to  7" 65  " 

6" 60  " 

Bulk  Angles: — 

10"  to  7" 65  ft. 

6" 60  ". 

5" 65  " 

Angles  (Even  Legs): — 

8"  X  8" 120  ft. 

6"  X6"  X  I"  to  J" 80  " 

6"  X  6"  X  It"  and  under 90  " 

5"  X  5" 85  " 

4"  X4" 90  " 

3i"X3r 90  " 

3"X3" 75  " 

2\"  X2\" 50   " 

2§"X2i" 50   " 

21"  X  2j" 50   " 

2"  X2" 50   " 

li"  X  I  J"  to  r  X  f" 50  " 


Angles  (Eneven  Legs): — 

8"  X6" 

7"  X  34"  X  I"  to  f" 

7"  X  3i"  X  H"  to  A". . . 
6"  X4"  X  r'to  }"..... 
6"  X  4"  X  H"  and  under  . 

6"  X  3i"  X  I"  to  r 

6"  X  3i"  X  H" 

6"  X  3i"  X  J"  and  under. 

5::x4'; 

5"       ^- 

5"  X  3I"  X  }"  and  under. 

5"  X  3". 

4r  X3"xtr 


S"  X  31"  X  f". . 
5"  X  3^'  X  «". 
S"  X  3l"  X  i"  a 


4*"  X  3"  X  . 
4i"  X  3"  X  W' 
4i"  X  3"  X  I". 
44"  X  3"  X  A'' 
4I"  X  3"  X  J" 

4"  X  31" 

4"  X  3"  X  «" 

X  v  X  r 


and  under. 


and  under. 


3*"  X  3"  X  ir. 
3i"  X  3"  X  r. . 

3rX3"X  H" 

3J"  X  3"  X  f" 

3i"  X  3"  X  I"  and  under. . 
3rX2i"Xir 

3i"  X2j"xr 

3r  X  2i"  X  A" 

3rx2r  xj" 

34"  X  2j"  X  A" 

a4"  X  2i"  X  I"  and  under  , 

3r  X  2" 

3"  X  2i"  to  If"  X  I" 


TABLE  II. 
Maximum  Lengths  of  Material;  Illinois  Steel  Co.  (South  Works). 

A  ngles: — 

All  angles 100 

/  Beams: — 

All  I  Beams  up  to  15 75 

15  I  Beams  42  lb.  to  55  lb 75 

15  I  Beams  60  lb.  to  75  lb 62 

15  I  Beams  80  lb 60 

15  I  Beams  90  lb 50 

15  I  Beams  100  lb 45 

Channels: — 

All  Channels 75 

In  case  it  is  absolutely  essential  to  have  any  of  the  above  material  in  lengths  longt 
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viU  be  necessary  to  take  the  matter  up  with  the  mill  to  ascertain  whether  same  can  be 

ctreme  lengths  of  material  rolled  at  the  Bay  View  (Milwaukee  Works)  follow  list  of 
lengths  rolled  by  Carnegie,  as  the  facilities  for  rolling  all  smaller  sections  are  about 
t  both  mills. 

TABLE  III. 

ciMUM  Sizes  of  Rectangular  and  Circular  Plates;  Carnegie  Steel  Co. 
Sheared  Plates,  One-Fourth  Inch  and  Over. 


1, 

Widths  and  Lengths  in  Inches.                  | 

Diam..: 
Inches. 

132 

126 

120 

114 

108 

102 

96 

90 

84 

78 

ISO 
230 
26s 
290 
300 

300 
320 
320 
320 
320 

320 
300 
280 
255 

240 

225 

210 

170 

200 
260 
310 

360 

^S 
360 

350 

350 

350 

350 
320 
300 
275 

250 
240 
230 
190 

210 

275 
350 
380 
400 

*2° 

380 

380 
380 
380 

380 
350 
320 
295 

260 
245 

200 

250 
300 
400 
440 
450 

450 
420 
420 
420 
420 

420 

380 
350 
325 

300 
285 
270 
230 

280 
325 

% 

475 

475 
440 
440 
440 
440 

440 
400 
370 
340 

315 
300 
280 
240 

300 

^^ 
460 

475 
500 

480 
480 
480 
480 

480 
430 

360 

340 
320 

260 

1 10 
120 
126 
132 
132 

132 
134 
134 
134 
134 

134 
134 

132 
132 

132 
132 
130 
130 

180 
220 
240 
260 

260 
270 
270 
270 
270 

260 
250 
230 
210 

200 
190 
180 
150 

200 

280 

290 
300 
300 
290 
290 

280 
270 
250 
230 

210 
200 
190 
160 

190 
220 

220 
220 
220 
220 
220 

220 
220 
200 
190 

180 

165 
132 

200 
200 
230 

230 
230 
230 
230 
230 

230 
230 
220 
200 

190 
180 
170 
14s 

«.  ,  72 

66 

60 

54 

so 

48 

42 

36 

30 

24 

Diam. 

350 
380 
490 
520 

525 

520 
SCO 
490 
480 

460 
430 
380 

360 
340 

280 

350 
400 

560 

560 
530 
500 
500 

500 
480 
4SO 
400 

360 
340 
300 

380 
450 

560 

560 
540 
540 
520 

520 
500 
470 
420 

^S 
360 

320 

i 

560 

560 
540 
540 
540 

520 
520 
480 
430 

420 
400 
380 
340 

560 

s6o 

560 
540 

520 
520 
480 
430 

430 
420 
400 
350 

430 
500 

560 

5^ 

5^ 

5^ 
560 

540 

530 
520 
500 
450 

440 
430 
400 
330 

400 
450 
500 
550 
550 

5^ 

5^ 
560 

530 
500 

480 
460 

440 

360 
300 

400 

450 
500 

550 
550 

560 

540 
540 
540 

530 
480 

^^ 
460 

420 
380 

3  CO 

300 

380 
400 
480 
530 
530 

530 
530 
530 
530 
520 

500 
470 
470 
450 

420 
380 
350 
250 

380 
400 
480 
530 
530 

530 
SCO 
500 

480 

460 

450 
440 

360 
320 
200 

IIO 
120 
126 
132 
132 

132 
134 
134 
134 
134 

134 
134 
132 
132 

132 
132 
130 
130 

1 4B"  wide  and  under  can  also  be  rolled  on  Universal  Mills. 

reater  ki^h  and  Universal  Mill  Sizes,  see  Universal  Mill  Plate  Table  V. 

•  of  greater  dimensions  than  shown  in  above  tables  may  be  submitted  lot  ^^^es^aiX 

ition. 
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TABLE  IV. 
Maximum  Sizes  of  Rectangular  and  Circular  Plates;  Carnegie  Steel  Co. 
Sheared  Plates,  Three-Sixteenths  Inch  and  Under. 


Thickness.  Inches. 

Widths  and  T>^ngtii#  in  Inches 

Diam..  Tp^h— 

B.  W.  G. 

74 

72 

70 

68 

66 

64 

62 

60 

58 

No*  8 
No.  9 
No.  10 

No.  II 

No.  12 

200 

220 
200 

240 
210 
160 

250 
210 
170 
140 

270 
220 
180 
160 
140 
140 
120 

290 
240 
200 
170 
150 
150 
130 

310 
250 
200 
170 
150 
150 
130 

260 
220 

160 
160 
140 

330 
270 
230 
200 
170 
170 
150 

77 
74 
70 
68 
66 
66 
64 

Thickness. 

S6  1  54 

52    50 

48 

42 

36 

30 

24 

Diam. 

No*  8 
No.  9 
No.  lo 

No.  II 

No.  12 

340 
270 
230 
220 
180 
180 
160 

350 
280 
240 
220 
190 

160 

360 
280 
240 
230 
190 
190 
170 

370 
290 
250 
230 
195 

176 

360 
290 
250 
230 
195 
195 
180 

360 
290 
250 
230 
200 
200 
180 

360 
290 
250 
230 
200 
200 
180 

360 

290 
250 
230 
200 
200 
180 

360 
290 
250 
230 
200 
200 
180 

77 
74 
70 
68 
•  66 
66 
64 

TABLE  V. 
Maximum  Sizes  of  Rectangular  Universal  Plates;  Carnegie  Steel  Co. 
Universal  Mill  Plates,  One-Fourth  Inch  and  Over. 


Thick- 
ness. 
Inches. 

Widths  and  Lengths  in  Inches.                         | 

48-46 

45-41 

40-36 

35-31 

30-26 

25-20 

19-17 

16-15 

14-12 

II 

10^ 

1^ 

780 

780 

780 

780 

It  40 

540 

600 

600 

600 

660 

720 

840 

840 

840 

840 

600 

to) 

840 

840 

960 

1140 

1140 

1 140 

1080 

1080 

1080 

900 

840 

t- 

q6o 

960 

960 

1140 

1140 

1200 

1080 

1080 

1080 

900 

840 

960 

960 

1080 

1200 

1200 

1200 

1080 

1080 

1080 

1020 

840 

A 

g6o 

960 

1080 

1200 

1200 

1200 

1080 

1080 

1080 

1020 

840 

960 

960 

1020 

1200 

1200 

1200 

1020 

1080 

1080 

1020 

840 

840 

840 

960 

1080 

1080 

1080 

1020 

1020 

1020 

900 

840 

780 

840 

840 

960 

960 

960 

960 

960 

960 

900 

840 

I 

720 

720 

720 

840 

840 

840 

900 

960 

960 

900 

840 

i| 

600 

600 

660 

708 

720 

780 

780 

900 

900 

840 

840 

li 

540 

540 

600 

660 

660 

660 

720 

840 

840 

840 

840 

i| 

480 

';28 

540 

600 

600 

600 

660 

780 

840 

840 

840 

i5 

480 

504 

528 

540 

540 

540 

600 

720 

780 

840 

840 

It 

480 

480 

480 

480 

480 

480 

540 

660 

720 

840 

840 

1} 

420 

420 

432 

420 

420 

420 

480 

600 

660 

720 

7» 

li 

420 

420 

432 

420 

420 

420 

480 

540 

600 

660 

7J0 

2 

420 

420 

420 

408 

408 

408 

420 

480 

540 

600 

720 

Plates  of  greater  dimensions  than  shown  in  above  tables  may  be  submitted  for  special 
consideration. 
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TABLE  VI. 
Maximum  Sizes  of  Universal  Plates;  Illinois  Steel  Co. 


Thickneat. 

Width  of  Plate  in  Inchea 

Inches. 

6 

7 

8 

9 

10  to  30 

i 

960 

960 

960 

960 

960 

t 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

t 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

ft 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

4 

810 

960 

960 

960 

960 

750 

930 

960 

960 

960 

i 

690 

860 

960 

960 

960 

u 

640 

800 

910 

960 

960 

600 

740 

850 

960 

960 

I 

560 

700 

800 

900 

960 

'A 

530 

660 

750 

850 

900 

It 

500 

620 

710 

800 

850 

lA 

470 

590 

670 

760 

810 

i| 

450 

560 

640 

720 

770 

lA 

420 

530 

610 

680 

730 

If 

400 

510 

580 

650 

690 

lA 

390 

490 

560 

620 

660 

il 

370 

470 

530 

600 

640 

'A 

360 

450 

SIC 

570 

610 

If 

340 

430 

490 

550 

590 

'}♦ 

330 

410 

470 

530 

570 

i} 

320 

400 

460 

510 

550 

'I* 

310 

390 

440 

^2° 

530 

It 

300 

370 

430 

480 

510 

itt 

290 

360 

410 

460 

490 

2 

280 

350 

400 

450 

480 

All  plates  both  sheared  and  Universal  Mill  rolled  by  Illinois  Steel  Co.,  can  exceed  above  lengths 
[ft.     If  longer  lengths  are  necessary  take  up  with  the  mill. 

Design  Drawings  for  Steel  Structures. 

Drawings. — Designs  shall  be  made  on  standard  sized  sheets.  A  scale  of  i  in.  to  i  ft.  shall 
I  minimum,  a  larger  scale  being  used  if  practicable.  Give  such  distances  on  both  plan  and 
•-•ection  that  the  dimensions  of  either  can  be  understood  without  reference  to  the  other. 

Designs  of  Mill  Buildings. 

Lotds. — ^All  roof  loads,  snow  loads,  wind  loads,  floor  loads,  wheel  loads  and  spacing  for 
les,  and  in  case  of  bins,  the  weight  per  cubic  foot  and  the  angle  of  repose  of  the  material  shall 
ear  on  the  design  drawings. 

Diaframs. — Draw  as  many  sections  as  are  necessary  to  show  all  transverse  bents  and  trusses, 
Ian  oi  lower  chord  bracing,  and  views  to  indicate  framing  and  side  views  when  necessary  to 
i  location  of  doors  and  windows.  When  a  sectional  view  is  shown,  always  mark  the  location 
lie  iectioiw  on  the  plan.  When  two  buildings  frame  into  each  other  the  design  should  always 
icate  the  framing  for  the  connections,  drawing  additional  sections  if  required. 
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Stresses. — ^The  stresses  in  all  members  of  transverse  bents,  trusses  and  latticed  ani 
girders,  and  the  loads  on  all  main  building  columns  shall  be  given  on  the  design  drawings, 
maximum  bending  moment  and  maximum  shear  in  all  crane  girders,  plate  girders,  and  floor 
and  columns.  Maximum  shear  and  bending  moment  shall  be  given  for  all  stringers  or  I- 
used  as  floor  or  crane  girders. 

Notes. — Material  (whether  O.  H.  (open-hearth)  or  Bessemer,  soft,  medium  or  stn 
steel);  speciflcations  (name  and  date;  size  of  rivets  and  holes,  reamed  or  punched  full  size) 

An^e  Members. — In  all  cases  where  two  unequal  legged  angles  are  used  as  main  me 
show  the  direction  in  which  the  outstanding  legs  are  turned  by  giving  the  dimension  of  1 
appearing  in  elevation,  or  by  exaggerating  the  longer  leg. 

TABLE  VII. 
Maximum  Sizes  of  Sheared  Plates;  Illinois  Steel  Co. 


Thickneas, 
Inches. 

Width  of  Plate  in  Inchea. 

120 

"5 

no 

100 

90 

80 

72 

60 

so 

40 

30 

I 

i 

a 
I 

;! 

2 

240 
320 

t^ 

600 

600 

550 
500 
450 
410 

380 

350 
330 
310 
280 

250 
250 
210 
190 

250 
320 

600 

600 
600 

580 

530 
480 

440 
410 
390 
360 
320 

290 
290 
240 
220 

280 
330 

600 

600 
600 
600 
600 

530 

460 
430 
390 

350 
290 
290 
260 

360 
420 

600 

600 
600 
600 
600 
600 

600 
600 

580 
540 
480 

360 

330 

360 
420 

600 

600 
600 
600 
600 
600 

& 
600 

600 

600 

600 

580 
480 
480 
440 

156 
200 
220 
220 

220 
220 
220 
220 
220 

220 
220 
210 
200 
180 

160 
160 
130 
120 

200 
250 
300 
360 

360 

360 
320 
300 

260 
250 
230 
220 
190 

180 
180 
140 
130 

200 

360 
480 

480 
430 
400 

350 
320 

300 
280 
260 
240 
220 

200 
200 
160 
140 

240 
420 
SCO 
500 

540 
480 
430 
400 
360 

330 
310 
300 
270 
240 

220 
220 
180 
160 

144 

i8o 
i8o 

i8o 
i8o 
i8o 
I  So 
i8o 

i8o 
i8o 
i8o 
i8o 
i6o 

144 
144 

IS6 

200 
210 

210 
2IO 
2IO 
2IO 
2IO 

2IO 
210 
200 
190 
170 

150 
150 
125 



Sectioiis. — Give  sections  of  all  members  used  in  the  structure.  Whenever  two  or 
columns  or  other  members  in  diflFcrent  locations  have  the  same  section,  either  note  it,  or  ma 
section  on  each  one.     For  a  column  of  special  make-up  show  a  cross  section. 

Dimensions. — The  following  dimensions  should  be  given:  (i)  Height  of  lower  chc 
trusses  from  floor  level;  (2)  elevation  of  top  of  crane  rail  with  clearance;  (3)  distance  c.  t( 
crane  rail  with  clearance;  (4)  distance  b.  to  b.  of  angles  of  all  main  columns;  (5)  pitch  of  t 
or  height  of  same  at  heel  and  slope  of  upper  chord;  (6)  width  and  height  of  ventilator;  (7) 
of  bays;  (8)  distance  c.  to  c.  of  building  columns;  (9)  location  and  size  of  stacks;  (10)  locatic 
size  of  openings  and  circular  ventilators;  (11)  thickness  of  all  walls,  and  relation  to  centi 
of  columns. 

Windows. — Give  size  and  number  of  lights  and  height  of  windows.  Show  location 
windows.  State  whether  pivoted,  sliding,  counter-balanced  or  fixed,  and  whether  conti: 
State  kind  of  glass. 

Doors. — Give  dimensions  (width  by  height)  and  state  whether  wood  or  steel,  swi 
lifting,  rolling  or  sliding.     State  style  of  track,  hangers  and  latch. 
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Tote  depth  on  design,  and  whether  wood  or  metal,  fixed  or  pivoted.     If  me 
ind  of  iame. 
Cormgated  SteeL — Gtvc  gage  and  kind  of  all  corrugated  sheeting*  painted  or  gah-anized; 
Brthtjd  of  fasrcning,  lining,  etc. 

Gutters  and  Conductors. — Show  gutters,  conductors  and  downspouts  where  necessary  and 

mxt  and  kind  and  thickness  of  metal,  metho<ls  of  fastening,  etc* 

Orcolar  Ventilators- — -Show  location  on  design  and  note  mzc  and  kind. 

Roofiog. — Give  kind  of  roofing  material,  and  thickness  of  sheathing  when  used. 

Jloeea.^ — Note  on  design  the  section  of:  (a)  Purlins  and  form  where  trussed;  (b)  girts;  (c)  \ 

l,jtL'ral  bracing;  (c)  end  columns;  (f)  window  posts;  (g)  door  (x>sts. 

lectioos. — In  making  a  design  be  sure  that  all  clearances  and  connections  with  adjoining 

ire«  an!  prof^erly  provided  for  and  that  all  dimensions  necessary  for  detailing  of  same  arej 

ibe  design. 

Designs  of  Plate  Girder  Bridges. 


iiagram  i 


ids* — Give  assumed  dead,  live  and  wind  loads»  and  show  diagram  of  wheel  1 

I  and  Views, — Show  an  elevation  of  girder  with  stiffcncrs,  a  plan  with  lateral  bracing, ' 
'  end  view  and  a  half  intermediate  section. 

6S.^<jive   maximum   bending   moments   and   maximum   shears,    maximum   stresses, 
and  actual  net  area  of  flanges^  noting  number  of  rivets  deducted,  and  required  net  and] 
I  arras  of  webs. 

-The  following  dimensions  should  appear  on  all  plate  girder  designs.     Distance 

'  ^t  or  distance  out  to  out  of  girders,  c.  to  c.  of  bearings,  back  wall  to  back  wall, 

•>.  to  b*  of  flange  angles,  spacing  of  girders  and  truck  stringers,  base  of  rail  to 

1  to  face  of  back  wall,  angle  of  skew  if  any,  and  grade  of  base  of  rail, 
^os  on  curves  give  the  curvature  and  super-elevation  of  outer  rail  and  distance 
onry  to  base  of  low  rail.     Give  elevation  of  grade  and  of  masonry  on  a  vertical 
uter  of  end  l)earing. 
^vtt  Spacing. — Note  on  the  elevation  of  girders  the  st^cing  of  rivets  connecting  flange j 
y  web.  changing  spacing  at  stiffcner  points.     Give  number  of  rivets  in  single  shear  for  end] 

>  of  all  Literals  and  cross  frames. 
Pedestals. — Give  maximum  reaction*  required  and  actual  area  of  masonr>'  plate, 

JiTr  pressure  on  masonry.     Note  sijse  of  bed  plate,  and  show  in  position  with  location 
ilts.     Note  size  and  number  of  rollers  for  expansion  pedestal,  and  also  whether  i 
-t  iron  or  steel. 
Dints, — Mark  fixed  and  expansion  points  and  show  whetiier  pedestals  or  bearing 
used. 
Seoers. — ^Show  end  and  intermediate  stifFeners  on  elevation  of  girder,  giving  sections  and  | 
•  filters  are  used,  or  stifTcners  crimped, 
■tioil* — If  the  bridge  be  on  a  curve,  show  how  the  super-elevation  of  the  outer 

►  r^rcd  for,  whether  by  tapering  ties,  or  changing  height  of  pedestal  or  masonr>'  plate. 
Truck — ^how  track  in  pLice,  noting  such  information  as  i^ize  and  notching  of  ties  and  guard 

inner  of  connecting  timber  deck  to  the  girder.     For  through  girder  always  show 
\m  with  dimensions, 

t>  Material  (whether  O,  H.  (open-hearth)  or  Bessemer,  soft,  medium  or  structural 
ations  (name  and  date);  (c)  size  of  rivets  and  holes,  reamed  or  punched  full  size. 


r»toi 


Designs  of  Truss  Brjikjes, 

lirays  give  the  following  assumed  loads  on  the  stress  sheets. 
Dead  Loada. — (a)  Weight  of  track  in  lb.  per  lin  ft.  of  track;  (b)  weight  of  trusses  and  bracing 
'fin   fL  t4  bridge;  (c)  weight  of  stringer  and  stringer  bracing  per  Un.  ft.  of  bridge;  (d)  weight 
p^-  tin,  ft.  of  bridge. 


iilfeuiB 
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Live  Load. — (Diagram  of  wheel  loads.) 

Wind  Load. 

Diagrams. — In  general,  the  design  shall  show  an  elevation  of  the  truss,  plan  of  top  lai 
bracing,  plan  of  bottom  lateral  bracing  and  stringer  bracing,  half  end  view  showing  portal, 
intermediate  view,  or  as  many  intermediate  views  as  are  necessary  to  show  intermediate 
frames.     The  end  view  shall  show  track  in  place  with  information  similar  to  that  for  plate  girdeni 
The  design  of  a  pin-connected  bridge  shall  show  the  sizes  of  pins  and  the  arrangement  of 
members  at  all  panel  points. 

Stresses. — Give  the  stresses  in  all  members  of  trusses  as  follows:  D.  L.  (Dead  Load);  L  L 
(Live  Load);  I.  (Impact);  C.  (Curvature);  W.  (Wind  Stresses).     Also  total  stresses. 

Always  use  the  minus  sign  for  tensile  stress  and  the  plus  sign  for  compressive  stress.  CompoM 
and  give  traction  stresses  for  viaduct  towers. 

For  stringers  and  floorbeams  give  the  bending  moment  and  shear  and  stresses  in  the 
manner  as  for  plate  girders. 

General  Dimensions. — The  most  important  dimensions  are,  number  of  panels  and  length 
depth  of  truss  at  every  panel  p>oint  if  upper  chord  is  curved,  distance  c.  to  c.  of  trusses,  distanoi 
base  of  rail  to  masonry,  distance  center  of  end  pin  to  masonry,  distance  c.  to  c.  of  end  pins  aii 
face  to  face  of  masonry,  or  c.  to  c.  of  piers.  If  the  bridge  be  on  a  curve,  give  the  deg^ree  and  shotf 
direction  of  curvature,  the  distance  of  base  of  low  rail  to  masonry,  and  the  supcr-elevatioa  rf 
outer  rail.  Note  that  greater  clearances  are  required  on  curves.  Show  the  clearance  line  and  litt 
of  base  of  rail  in  the  elevation  of  truss. 

Compression  Members. — Give  the  actual  unit  stress,  the  allowable  unit  stress,  radius  rf 
gyration,  moment  of  inertia,  actual  and  required  area,  eccentricity  and  cross-section. 

Tension  Members. — Give  allowable  and  actual  stresses,  the  required  and  actual  net 
For  built  sections  give  number  of  holes  deducted  for  rivets  in  obtaining  net  area,  and  radius 
gyration. 

Sections. — Give  section  of  every  member  and  thickness  of  all  gusset  plates.  Always  pit 
size  of  lacing  bars,  and  state  whether  single  or  double  lacing  is  required. 

Built  Sections. — On  all  built  sections  give  depth  of  section,  and  in  using  plate  and  angk 
sections,  make  the  web  J  in.  less  in  width  than  the  depth  of  section. 

Angles  with  Unequal  Legs. — In  any  member  composed  of  one  or  more  angles  with  unequd 
legs,  show  clearly  the  direction  in  which  the  long  or  short  leg  is  turned. 

Rivets. — Note  the  number  of  rivets  to  be  used  for  end  connections  of  all  members,  and  give 
the  number  of  rivets  in  single  shear  required  at  end  connection  of  track  stringers. 

Shoes  or  Pedestals. — Give  maximum  reaction,  required  and  actual  area  of  masonry  platti 
with  allowable  pressure  on  masonry.  Note  size  of  bed  plate,  and  show  in  position  with  locatioi 
of  holes  for  anchor  bolts.  Note  size  and  number  of  rollers  for  expansion  pedestal,  and  also  whether: 
pedestal  is  built,  cast  iron  or  steel. 

Camber. — The  amount  of  camber  should  be  shown  on  the  design. 

Notes. — Same  as  for  Plate  Girders. 


CHAPTER  Xlir. 
Estimates  of  Structural  Steel. 

>BN£RAL  instructions.— When  an  estimate  of  the  structural  steel  in  a  structunr 
be  made  the  nian  in  charge  shall  immediately  examine  all  of  the  data  furnished  to  see  that 

KjflBcient  information  to  make  a  satisfactory'  estimate*  He  shall  fill  out  the  data  sheet 
ly,  and  then  take  off  the  quantities.  Use  only  the  standard  estimate  blanks  for  taking 
iaL     The  author  has  found  the  estimate  blank  below  very  satisfactory, 
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'fsich  pag<e  consecutively,  and  when  all  the  quantities  are  totaletl  prepare  a  summary 

paier.     Each  sheet  shall  have  the  sheet  number  and  also  the  total  number  of  sheets 

f  ensmate^  for  example  9  of  20.     Thb  will  pre\'Tent  the  loss  of  a  page.     After  the  estimate  is 

ptetdy  taken  off  another  man  shall  check  it.     When  checked  the  estimate  shall  be  extended 

be  checker,  CAch  sheet  being  immediately  totaled  up  as  extended.     The  extensions  shall  then 

by  the  original  estimator,  who  also  prepares  a  summary.     The  summary  is  then 

jby  the  checker  and  the  estimate  is  complete, 

-fr  should  be  practically  a  condensed  bill  of  material  of  the  work,  and  should  be 

rvat  a  reference  to  the  estimate  will  show  at  a  glance  the  weijfht  of  all  the  principal 

Main  :ind  secondary  trusses,  main  columns,  girders,  crane  girders,  etc.,  for  buildings; 

j»tr>1«*r«i.  rloorbeams.  etc.,  for  bridges  should  be  taken  off  separately,  thus^l  truss, 

'!  not  lie  mixed  together  even  though  the  correct  weight  is  obtained.     In 

1  He  following  order  will  he  found  convenient. 

BUILDINGS. — Trusses. — Top  chonls.  lower  chords,  web  members,  purlin  lugs, 

c5onnecliun  plates,  splice  plates,  eave  strut  connections,  knee  braces  and   kn.*^ 

ioni. 

TrasMS, — RafterR,  po»ts*  web  members,  gusaet  plates,  conncctiotis  to  truwt^  a^wi 
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Columns. — Column  angles,  web  plate,  base  plate  and  angles,  crane  seat  and  cap.    Base  in- ; 
eludes  anchor  bolts. 

Crane  Girders. — Flange  angles,  web  plate,  cover  plates,  end  stiffeners,  intermediate  sdffenen^ 
fillers,  knee  braces  and  knee  brace  connections.     Rails,  splice  bars,  clips  and  crane  stops. 

Miscellaneous. — Eave  struts,  lattice  girders,  purlins,  girts,  ridge  struts,  lower  chord  strun 
column  struts,  rafter  bracing,  lower  chord  diagonals,  reinforcing  angles  for  purlins  used  as  rafter 
struts,  and  sag  rods. 

Miscellaneous  Materials  Not  Structural  Steel. — Corrugated  steel  roofing  and  siding,  louvrei; 
flashing  and  ridge  roll,  gutters,  conductors,  downspouts,  ventilators,  stack  collars.  Window^ 
doors,  skylights,  operating  device,  lumber,  roofing,  brick  and  concrete. 

2.  OFFICE  BUILDINGS. — Floorbeams,  girders,  including  all  their  connections  not  riveted 
to  other  members.  Floors  should  be  estimated  separately  using  a  multiplier  if  two  or  more  are 
exactly  alike. 

Columns. — Columns  including  splices  and  connections  riveted  to  the  columns.  If  colunui 
are  of  Bethlehem  *'H"  sections,  it  should  be  so  noted  on  the  estimate  summary.  Estimate  colunii 
in  tiers. 

Miscellaneous,  such  as  suspended  ceilings,  galleries,  penthouses,  lintels,  curb-angles,  canopio^ 
etc. 

3.  TRUSS  BRIDGES.— Truss  members  should  be  taken  off  separately  in  order  that  tk 
estimate  will  show  at  a  glance  the  weight  of  any  main  member.  Never  write  off  material  far 
the  trusses  thus,  "J — Truss — 4  Req'd." 

Stringers;  floorbeams;  portals;  sway  trusses;  upper  laterals;  lower  laterals:  shoes,  masoniy 
plates,  anchor  bolts,  etc. 

A  convenient  order  can  easily  be  arranged  for  other  structures. 

INSTRUCTIONS   FOR  TAKING   OFF   MATERIAL.— Quantity  estimates  shaU  give 
shipping  weights,  not  shipping  weights  plus  scrap.     Pin  plates,  gusset  plates,  etc.,  shall  be  takei 
off  as  equivalent  rectangular  plates.     Large  irregular  plates  or  small  irregular  plates  which  oooC 
in  larger  numi)crs  shall  have  the  exact  sizes  shown  in  the  estimate  and  should  have  their  weigfcll 
accurately  calculated.     All  quantity  estimates  shall  be  made  out  with  black  drawing  ink. 

The  following  colored  pencils  shall  be  used  in  estimating: 

Black. — In  taking  oflF  quantities,  all  check  marks  on  drawings  or  blue  prints  shall  ben 
with  a  black  pencil. 

Red. — In  checking  "quantities  taken  oflF  **  all  check  marks  on  drawings,  blue  prints  a« 
data  sheets  shall  be  made  with  a  red  pencil. 

Blue. — Blue  pencils  shall  be  used  for  checking  extensions,  also  for  making  notes,  correction 
alterations  or  additions  on  white  prints  or  tracings. 

Yellow. — All  alterations,  corrections  or  additions,  on  blue  prints  at  the  time  of  estinatill 
shall  be  made  with  a  yellow  pencil. 

All  notes  on  blue  prints  or  drawings  in  regard  to  alterations,  corrections  or  additions  shall  Ic 
dated  and  signed  by  the  person  in  charge  of  the  estimate.  In  general  all  work  shall  be  taken  cl 
in  feet  and  inches.     Lengths  of  bolts  shall  be  given  in  feet  and  inches. 

CLASSIFICATION  OF  MATERIAL.— In  making  the  summary  steel  and  iron  should  h 
classified  as  follows: 

Bars,  including  plates  6  in.  wide  and  under,  rounds  up  to  3  in.  in  diameter  and  squares  np 
to  3  in.  on  a  side. 

Plates  (a)  Flats  over  6  in.  wide  up  to  and  including  100  in.,  and  J  in.  thick  and  over. 
(6)  Flats  over  100  in.  wide  up  to  and  including  no  in. 

(c)  Flats  over  no  in.  wide  up  to  and  including  115  in. 

(d)  Flats  over  115  in.  wide  up  to  and  including  120  in. 

(e)  Flats  over  120  in. 
(/)    Plates  A  in.  thick. 
(g)   Plates  i  in.  thick. 


CLASSIFICATION  OF  MATERIAL. 
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(i)  Plates  checkered, 
(i)    Plates  buckle. 

(a)  Ha%'tng  both  legs  6  in.  wide  or  under. 
(Jb)  Having  clthrr  leg  more  than  6  in.  in  width. 
{c)   Having  both  legs  less  than  ^  in.  in  width, 
is  and  l-Bcnms 

(a)  ChanneU  and  beams  up  to  and  including  15  in.  tn  depth. 
{h)  Over  15  in.  in  depth. 
thleheni  sections  are  used  distinguish  between  "Bethlehem  Special   I-Bcams" 
and  also  regarding  depths  as  above. 


and 


(Separate  rails  under  50  lb.  per  yd,,  rails  over  loo  lb.  per  yd.,  and  girder  rails). 


Mm  and  TurnfmckUs, 

K,  rcmnds  imm  3  in.  diameter  to  6]  in.  in  diameter. 

f^ngs,  n>and3  over  6}  in.  in  diameter. 

rimse,  Letid,  etc 

Heads* — Where  the  estimate  is  made  from  shop  drawings  the  actual  number  of  rivet 

I  be  determined.     The  weight  of  rivet  heads  in  per  cent  of  the  total  weight  of  the  other 

i  about  as  folliiws:  Purlins,  girts  and  iK-'ams,  2  per  cent;  trusses  and  bracing,  4  per  cent; 

.  and  columns  of  4  angles  and  I  pL,  5  per  cent;  plate  girders  and  columns  with  cover 

cent;  box  girders  or  channel  columns  with  lacing,  7  per  cent;  trough  floors,  8  to  10 

beads  in  highway  bridges  may  be  taken  at  5  and  4  per  cent  of  the  total  weight 
iluMVe  of  fence  and  joists  for  riveted  and  pin-connected  trusses,  respectively, 
i  are  u^u^lly  taken  off  in  the  estimate  when  they  occur,  and  entered  as  rivets.     When 
[imcler  6  in,  in  length,  include  bolts  under  the  item  "Bolts  and  Rivets."     When  o\ner 
the  bolts  under  "Bars." 

Materials. —  Corrugated  SUtL — Always  give  the  number  of  gage^  whether 

/ed,  and  whether  iron  or  ateel.     This  remark  als<j  ap|ilies  to  louvres,  flashing. 

I  and  conductors.     Slate  whether  corrugated  steel  is  for  roofing  or  siding.     R*Kifing 

itb&ated  in  squares  of  100  ^\,  ft.,  adding  three  feet  on  each  end  of  building  to  the  distance 

[  trusses  to  allow  for  cornice.    Allow  one  foot  overhang  at  eaves.     Siding  shall  hie  csti- 

[«c|U4Vn^  of  TOO  sq.  ft,,  adding  one  foot  at  each  end  of  building  to  allow  for  corner  laps. 

\  sliaU  be  estimated  in  sq.  ft.  of  superficial  area,  stating  whether  fixed  or  pivoted. 

!  be  cstiraAted  in  lineal  feet  and  shall  be  taken  off  over  all  windows  when:  corru- 
\  is  used  on  the  sides  of  building,  and  under  all  louvres  and  windows  in  ventilators. 
shall  be  estinuted  in  lineal  feet,  adding  one  foot  to  the  distance  center  to  center 
Ridge  roll  U  U'jually  taken  off  the  same  gage  as  the  cornjgatcd  steel  roofing. 
I  conductors  shall  Ik  estimated  in  lineal  feet»  the  conductors  usually  being  spaced 
I  50  ft.,  depending  upon  the  area  drained. 
»r  veotibtors  shall  be  estimated  by  number,  giving  diameter  and  kind,  if  specified, 

jQars  shall  be  estimated  by  number,  givnng  diameter  of  stack. 
»Wk  MuQ  be  c«<timiited  in  8C|.  ft,  of  superficial  area,  taking  for  the  \*4dth  the  distance 
jirta.     State  whether  windows  are  fixed,  sh'ding,  pivoted,  counter-balanced  or  rountcr- 
Sut£  kind  and  thickRct«  of  glass  and  give  list  of  hardware^  and  any  thing  eldc  of  a 
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Doors  shall  be  estimated  in  sq.  ft.;  state  whether  sliding,  lifting,  rolling  or  swinging. 
doors  covered  with  corrugated  steel  shall  be  estimated  by  including  the  steel  frame  und 
and  the  covering  with  corrugated  steel  siding.     State  style  of  track,  hangers  and  latch. 

Skylights  shall  be  estimated  in  sq.  ft.,  giving  kind  of  glass  and  frames. 

Operating  devices  for  pivoted  windows  or  louvres  shall  be  estimated  in  lineal  feet. 

Lumber  shall  be  estimated  in  feet,  board  measure,  noting  kind.  Note  that  lumbe 
I  in.  in  thickness  is  classified  as  I  in.  Above  i  in.  it  varies  by  i  in.  in  thickness,  and  if  s 
will  be  i  in.  less  in  thickness,  i.  e.,  l}  in.  sheathing  is  actually  if  in.  thick,  but  shall  be  es 
as  if  in.  Lumber  comes  in  lengths  of  even  feet;  if  a  piece  lo  ft.-8  in.  or  ii  ft.-o  in.  is  req 
stick  12  ft.-o  in.  long  shall  be  estimated.  In  using  lumber  there  is  usually  considerables 
pending  upon  the  purpose  for  which  it  is  intended.  In  estimating  tongue  and  grooved  sk 
ID  to  20  per  cent  shall  be  added  for  tongues  and  grooves  and  from  5  to  10  per  cent  foi 
depending  up>on  the  width  of  boards  and  how  the  sheathing  is  laid. 

Composition  roofing  or  slate  shall  be  estimated  in  squares  of  100  sq.  ft.,  allowing  tb 
amount  for  overhang  at  eaves  and  gables  and  for  flashing  up  under  a  ventilator  or  on  tl 
of  a  parapet  wall. 

Tile  roofing  or  slate  shall  be  estimated  in  squares  of  100  sq.  ft.,  adding  5  per  cent  fo 
Include  in  an  estimate  for  tile  roof,  gutters,  coping,  ridge  roll,  plates  over  ventilator  wind 
plates  under  ventilator  windows,  these  being  estimated  in  lineal  feet.  Flat  plates  for  1 
of  ventilators  shall  be  estimated  in  sq.  ft. 

Brick  shall  be  estimated  by  number.     For  ordinary  brick  such  as  is  used  in  mill 
construction,  estimate  7  brick  per  sq.  ft.  for  each  brick  in  thickness  of  wall,  i.  e.,  a  9  in.  wa 
bricks  thick  and  contains  14  brick  for  each  sq.  ft.  of  superficial  area. 

Always  note  whether  walls  are  pilastered  or  corbeled  and  estimate  the  additional  ai 
brick  required.  If  walls  are  plain;  no  percentage  need  be  added  for  waste,  but  if  openii 
as  arched  windows  occur  add  from  5  to  10  per  cent. 

Concrete  shall  be  estimated  in  cubic  yards.  Walls  or  ceiling  of  plaster  on  expandi 
shall  be  estimated  in  squares  of  100  sq.  ft.,  noting  thickness  and  kind  of  reinforcement 
forced  concrete  floors  shall  be  estimated  in  sq.  ft.  of  floor  area,  noting  thickness  and  kinc 
forcement.  Paving  of  all  kinds  is  estimated  in  square  yards,  but  the  concrete  filling  u 
pavement  itself  is  estimated  in  cubic  yards.  Concrete  floor  on  cinder  filling  is  usually  e 
in  square  yards,  specifying  its  proportions. 

ESTIMATE  OF  COST.— The  different  types  of  framed  steel  structures  vary  so  mt 
local  conditions  and  requirements  that  it  is  only  p>ossible  to  give  data  that  may  be  used  a 
to  the  experienced  estimator.  The  cost  of  steel  frame  structures  may  be  divided  into  (i 
material,  (2)  cost  of  fabrication,  (3)  cost  of  erection,  and  (4)  cost  of  transp>ortation. 

I.  Cost  of  Material. — The  price  of  structural  steel  is  quoted  in  cents  per  pound  ( 
f.  o.  b.  cars  at  the  point  at  which  the  quotation  is  made.     Current  prices  may  be 
from  the  Engineering  News,  Iron  Age  or  other  technical  pap>ers.     The  present  price 
f.  o.  b.  Pittsburgh,  Pa.,  are  about  as  follows: 

TABLE  I. 
Prices  of  Structural  Steel  (1914)  f.  o.  b.  Pittsburgh,  Pa.,  in  Cents  per  P< 

Pri< 
Material.  I 

I-beams,  18  in.  and  over 

I-beams  and  channels,  3  in.  to  15  in 

H-bcams,  over  8  in 

Angles,  3  in.  to  6  in.  inclusive 

Angles,  over  6  in 

Zees,  3  in.  and  over 

Angles,  channels,  and  zees,  under  3  in 
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db  angles 175 

ugatixl  plates   ,..,,,..,,*.....».. 1-75  to  1.90 

laics,  muctural,  b»-- I.40 

liXd^  ilotigi:,  base .  ,  .  . * I.50 

atcd  sti^el  No.  22,  painted « 3.15 

^Itd  stcvl  No.  22»  galvanised 3.OO 

ts  Sos,  to  and  11,  black    ...,,.. K90 

ts  Nos.  to  and  1 1 ,  galvanized  ...........*..... 2.^$ 

^  Now  21.  black 2,JO 

f  sheets  No.  22,  galvanijccd » . . , , 2.95 

r  itxm,  ba&r .,...*,* ,..»**.,,,    1 ,65 

,....*.......  ...»<..•..  2.10 


COST  OF  FABRICATION  OF  STRUCTURAL  STEEL.— The  cost  of  fabrication  of 
hictunil  stcd  may  be  divided  into  (a)  cost  of  draftings  {b)  cost  of  mill  details,  and  (r)  cost  of 
hpUbof. 

frf)  COST  OF  DRAFTING. — The  cost  of  drafting  varies  with  the  character  of  the  structure 
il  ■rith  the  shop  methods  of  the  bridge  company.  There  are  two  general  methods  in  common 
^ /or  drlJliling  steel  structures,  sketch  details,  and  complete  details  (see  Chapter  XI 1),  The 
^flofting  varies  with  the  methcKl  of  detailing  and  the  numlicr  of  pieces  to  be  made  from 
[J*  and  costs  per  ton  may  mean  but  little  and  be  very  misleading*  The  cost  per  standard 
iii«  X  36  in.)  is  more  nearly  a  constant  and  varies  from  $15  to  $25  per  sheet.  The 
:  approximate  costs,  based  on  a  total  a^xrage  charge  of  40  cents  per  hour  may  be  of  value. 
Bd  Mine  Buildings. — Details  of  ordinary  steel  milt  buildings  cost  from  $2  to  $4  per 
for  head  works  for  mines  cost  from  $4  to  $6  per  ton;  details  for  churches  and  court 
hip*  and  valleys,  cost  from  $6  to  $8  per  ton;  details  for  circular  steel  bins  cost 
I  #3  p*T  ton:  details  for  rectangular  steel  bins  cost  from  $2  to  $4  per  ton;  details  for 
•hopper  bottom  bins  cost  from  $4  to  $6  per  ton. 

u — Details  of  steel  bridges  will  cost  frcjm  $T  to  $2  per  ton  where  sketch  details  arc 
sunS  fnJtn  $2  10  ^4  per  ton  where  the  members  are  detailed  separately. 

IctiiaJ  Co9t  of  Drafting. — The  details  of  the  Basin  and  Bay  State  Smelter,  containing  270 
^3fft  $2  per  ton. 

k  costs  of  making  shop  details  for  steel  structures  aa  given  in  the  Technpgraph  No.  21, 
[Mr.  Ralph  H.  Gage,  are  given  in  Table  IL 

TABLE  IL 
Cost  of  Shop  Drawings. 


Character  of  Building. 

struction,  i.  e.,  loads  all  carried  to  the  foundation  by  means 

■tir.Tvirtcd  on  «ccl  columns;   exterior  waUs   carry  floor  loads 

ht .. 

t  un  cast  iron  columns;  exterior  waUi  fupport  floor  loads 

^ht.,.^ 

>  reiting  on  masonry  walU  throughout 

of  roof  trusses  resting  on  columns.  , .  ...•••*.,«.. 
of  roof  trusses  resting  on  masonry  waits. ..  w .... . 

it-  manufacturing  buildings ...,.,..* 

:irr5  *  IT  r.ihcr  Complicated  structurci 

re   mcajiiircments  arc  necessar>'  before  details 
'  m^de        


Avenge  Cost  per  Too. 


$1.45 

1.22 

0.70 
0.85 

2.47 
1.35 
2- 56 

0.74 
4.88 

2-47 

1.87 
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Mr.  Gage  makes  the  following  commeota  on  the  cost  of  draftmg:    **The  cost  of 
materials  and  blue  prints  was  not  included*     There  is  always  a  noticeable  decrease  in  ca 
the  details  when  the  plans  for  the  ironwork  are  made  and  designed  by  an  engineer  and  sep^r 
from  the  general  work.     On  the  average  it  cost  35  per  cent  more  to  make  shop  drawin 
structural  steel  when  the  data  were  taken  from  the  architect's  plans  than  when  the  1 
taken  from  carefully  worked  out  engineer's  plana.     Inaccurate  plans  where  the  dr 
continually  finding  errors  which  must  be  referred  to  the  architect  materially  increase  1 
shop  drawings." 

(6)  COST   OF   MILL   DETAILS,— If  material  is  ordered  directly  from  the  rolling  imlj, 
price  for  the  necessary  cutting  to  exact  length,  punching,  etc.,  is  based  on  a  standard  J 
mill  extras." 


nd  sep^r, 
win|^ 

se  c^H 

':^ 

i 
igmili, 

I 


lary  nvi 

1 

to  bead 


CARD  OF  MILL  EXTRAS*— If  the  estimate  ts  to  be  based  on  card  rates  it  will  be  ne 
to  have  the  subdivisions  a,  b,  c,  d,  e»  f,  r,  etc.,  as  follows: 

a  =0.1 5r/5".  per  lb.  This  covers  plain  punching  one  size  of  hole  in  web  only.  Ptain  j 
one  size  of  hole  in  one  or  both  flanges. 

b  —  0.25^^.  p^r  lb.  This  covers  plain  punching  one  size  of  hole  either  in  web  and  \ 
or  web  and  both  flanges.     (The  holes  in  the  web  and  flanges  must  be  of  same  size.) 

c  =  o.\Qcts,  per  lb.  This  covers  punching  of  two  sizes  of  holes  in  web  only.  PuncWfl| 
two  sizes  of  holes  either  in  one  or  both  flanges.  One  size  of  hole  in  one  flange  and  another 
of  hole  in  the  other  flange. 

d  —  o.^$cis,  per  lb.  This  covers  coping,  ordinary  beveling,  riveting  or  bolting  of  eooJieti 
angles  and  assembling  into  girders,  when  the  beams  forming  such  girders  are  hdd  togetlM 
separators  only. 

e  =  o.40c/i.  per  lb,  Thb  covers  punching  of  one  size  of  hole  in  the  web  and  another  m 
hole  in  the  flanges. 

/  «  0.15^5.  per  lb.     This  covers  cutting  to  length  with  less  vibration  than  ±  |  in. 

r  —  o.$octs.  per  lb.     This  covers  beams  with  cover  plates,  shelf  angles,  and  ordinary  rivi 
beam  work.     If  this  work  consists  of  bending  or  any  unusual  work,  the  beams  should  ] 
included  in  beam  classification. 

Fittings.^ All  fittings,  whether  loose  or  attached*  such  as  angle  connections,  holts, 
tie  rods,  etc.,  whenever  they  are  estimated  in  connection  with  beams  or  channels  to  I 
at  t.55Jts.  per  lb.  over  and  above  the  base  price.     The  extra  charge  for  painting  is  to  I 
to  the  price  for  fittings  also.     The  base  price  at  which  fittings  are  figured  is  not  the  lyase  pric 
the  beams  to  which  they  arc  attached  but  is  in  all  cases  the  base  price  of  beams  T5  in.  and  m 

The  above  rates  will  not  include  painting,  or  niling,  which  should  be  charged  at  ihcj 
o.iocts.  per  lb.  for  one  coat,  over  and  above  the  base  price  plus  the  eactra  specified  ah       ~ 

For  plain  punched  beams  where  more  than  two  sizes  of  holes  are  used,  o.tscts.  per  I 
be  added  for  each  additicmal  size  of  hole,  for  example,  plain  punched  iM^ams.  where  thre 
holes  occur  would  be  indicated  as:  c  H-  o. I5cts,,  four  sizes  of  holes;  e  -f  o,50cts.  Fori 
a  beam  with  |  in.  and  J  in.  holes  in  the  flanges  and  |  in,  and  }  in.  holes  in  the  wcbi 
included  in  class  e. 

Cutting  to  length  can  be  combined  with  any  of  the  other  rates,  class  d  exc«  ntoiT   and  r< 
have  to  be  indicated;  for  example:   Plain  punching  one  size  of  hole  in  either  v 
or  web  and  both  flanges,  and  cutting  to  length  would  be  marked  bf,  which  wmil 
charge  of  o.40cts,  per  lb. 

iVote  la  class  d. — No  extra  charge  can  be  added  to  this  class  for  punching  x-tirioa 
holes,  or  cutting  to  exact  lengths;  in  other  words;  if  a  beam  is  coped  or  ha^ 
riveted  or  bolted  to  it,  it  makes  no  difference  how  many  sizes  of  holes  arc  pun  i*  N 

the  extra  will  always  be  the  same,  namely  o,35cts.     When  beams  have  angles  or  i- 
them,  and  same  arc  not  half  length  of  the  beam,  figure  the  beams  as  class  d,  and  the  ] 
angles  as  beam  connections. 

Note  to  duss  r. — This  rate  of  o-socts.  per  lb.  applies  to  all  the  material  making  up  the  fW 
beam.  In  case  of  assembled  girders  in  which  one  of  the  beams  should  be  clasat.*d  as  *  ">" 
beam,  in  making  up  the  estimate,  figurc.only  the  beam  afl'ecte<l  as  included  in  class  'V/'  W 
beams  have  angles  or  plates  riveted  to  them  and  tsamc  art?  half  length  or  more  th^n  half  ra 
of  the  beam,  figure  the  beam's  as  class  *V,'*  including  the  plates  or  angles  ai  ' 
18  in.,  20  in.,  or  24  in,  beams  are  in  'V"  class  keep  the  T's  separate  from  tli 
^cast  iron,  separators,  angles  and  rivets)  which  should  go  under  heading,  **1  J  m    \  s  .i4n  t  ■■ 

Beams  should  be  divided  as  15  in.  I's  and  under,  and  18  in.,  20  in,  and  24  in.  IV     If,*' 
rare  only  one  or  two  sizes  of  beams  in  any  particular  class,  give  exact  sLzcs^  insteatl  of  '*ij 
and  Under.** 


Mi  N 

'4 

thcml 


ie. 
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stimatiiig  channel  roof  purlins  classify  7  in.  channels  and  smaller  as  one  punched;  8  in. 
and  larger  as  two  punched,  unless  they  are  shown  or  noted  otherwise,  and  keep  separate 
er  beams. 

sxtra  charge  can  be  added  to  curved  beams  for  riveting,  cutting  to  length,  etc. 
dividing  work  into  a  large  number  of  classes  should  be  avoided;  it  is  better  to  have  too 
es,  rather  than  too  many. 

only  subdivision  necessary  for  cast  iron  columns  are:  i  in.  and  over,  and  under  i  in. 
(  with  ornamental  work  cast  on  must  be  kept  sep>arate. 

nd  and  Square  Bars. — In  estimating  round  and  square  bars  use  the  standard  card  for 
able  III.  It  is  not  usual  to  enforce  more  than  one-half  the  standard  card  extras  for  round 
ire  bars. 

rss. — Shapes,  Plates  and  Bars: 
(Cutting  to  length) 

ler  3  ft.  to  2  ft.,  inclusive 0.25  ct.  per  lb. 

ier  2  ft.  to  I  ft.,  inclusive 0.50  ct.  per  lb. 

ler  I  ft 1.55  ct.  per  lb. 

'Plates  ( Card  of  January  7,  1902) : 

e  i  in.  thick,  100  in.  wide  and  under,  rectangular  (see  sketches). 

Per  100  Lb. 

Itha — 100  in.  to  1 10  in $  .05 

no  in.  to  115  in 10 

115  in.  to  120  in 15 

120  in.  to  125  in 25 

125  in.  to  130  in 50 

Over  130  in i.oo 

es  under  i  in.  to  and  including  A  in 10 

Tcs  under  ^  in.  to  and  including  No.  8 15 

es  under  No.  8  to  and  including  No.  9 25 

es  under  No.  9  to  and  including  No.  10 30 

es  under  No.  10  to  and  including  No.  12 40 

iplete  circles 20 

er  and  flange  steel 10 

ioe  and  fire  box 20 

ioary  sketches 10 

xpt  straight  taper  plates,  varying  not  more  than  4  in.  in  width  at  ends,  narrowest  end 
than  30  in.,  which  can  be  supplied  at  base  prices.) 

TABLE  III. 
Standard  (Classification  of  Extras  on  Iron  and  Steel  Bars.* 
Rounds  and  Squares. 
&res  up  to  4}  inches  only.     Intermediate  sizes  take  the  next  higher  extra. 

Per  100  Lb. 

in Rates. 

^       " $0.10  extra. 

f       " 20 

" 40 

" 50 

" 60 

A    ": ' 70 

" I.OO 

" 2.00 

i       " 15 

lopted  Atvist,  igoaf. 
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Cbat.  XIU 


3A 

6f 


to  4 
to  4J 
to  5^ 

to  si 

to  6 
to  6J 
to  7l 


TABLE  UL—CofUinued, 

Standard  Classification  of  Extras  on  Iron  and  Steel  Bars. 

Flat  Bars  and  Heavy  Bands, 


Flat  Bars  and  Heavy  Bands, 


in.  X  f  to 
*'  X  i  and 
"  X  i  to 
"  X  i  and 
"  X  i  to 
"  X  i  and 
"XI  and 


ft 
i 


i 


"    X  i  and  ft 

"    X  f 

"    X  i  and    ft 

"    X  i  and    ft 
6  in.  X  ift  to  ift  in. 
6  "    X  li     to  ij     " 
6  "    X  li     to  2}     " 
6  "    X  3       to  4       " 


.30  '•    ; 

.50  "  : 

•75  ;; 

1.00  " 

1.25  " 


Per  100  Lb. 

Rates. 

$0.20  extn. 

.40  " 

.50  " 

.70 

.90  " 

i.io  " 

1.00  " 

1.20  " 

1.50  " 

.10  " 

.20  '• 

fa  " 
40 


Light  Bars  and  Bands, 


I 
I 


to  6  in. 
to  6  in. 
to  I  ft  in 


to 
a  to 
Hand 
Hand 
Hand 
ft  and 
ft  and 


ift  in. 
I  in. 


m. 
in. 
in. 
in. 
in. 


r 


X  Nos. 
X  Nos. 
X  Nos. 
X  Nos. 
X  Nos. 
X  Nos. 
X  Nos. 
X  Nos. 
X  Nos. 
X  Nos. 
X  Nos. 

Nos. 

Nos. 

Nos. 

Nos. 


X 
X 
X 
X 


X  Nos. 


7,8,9 
10,  II, 

7.8.9 
10,  II, 

7.8.9 
10,  II, 

7.8,9 
10,  II, 

7.8.9 
10,  II, 

7.8.9 
10,  II, 

7.8,9 
10,  II, 

7.8,9 
10,  II, 


and  ft  in. .  . 
12  and  t  in. 
and  A  in. .  . 
12  and  t  in. 
and  ft  in. .  . 
12  and  i  in. 
and  ft  in.  . 
12  and  i  in. 
and  ft  in. .  . 
12  and  i  in. 
and  A  in. .  . 
12  and  i  in. 
and  ft  in. .  . 
12  and  i  in. 
and  ft  in. .  . 
12  and  i  in. 


FteriooU.^ 
$040extili 

.60  " 

•50  : 

.70 

.70  " 

.80  " 

1.00  " 

1.20  " 

1.20  " 

1.30  " 

1.30  " 

1.50  " 

1.80  " 

2.10  " 

1.90  " 

240  " 


Mill  Orders. — In  mill  orders  the  following  items  should  be  borne  in  mind.  Where  beams  butt 
at  each  end  against  some  other  member,  order  the  beams  i  in.  shorter  than  the  figured  length! 
this  will  allow  a  clearance  of  }  in.  if  all  beams  come  f  in.  too  long.  Where  beams  are  to  be  built 
into  the  wall,  order  them  in  full  lengths,  making  no  allowance  for  clearance.  Order  small  plato 
in  multiple  lengths.  Irregular  plates  on  which  there  will  be  considerable  waste  should  be  ordered 
cut  to  templet.  Mills  will  not  make  reentrant  cuts  in  plates.  Allow  J  in.  for  each  milling  for 
members  that  have  to  be  faced.  Order  web  plates  for  girdeis  J  to  J  in.  narrower  than  the  distance 
back  to  back  of  angles.  Order  as  nearly  as  possible  every  thing  cut  to  required  length,  excejt 
where  there  is  liable  to  be  changes  made,  in  which  case  order  long  lengths.  1 

It  is  often  possible  to  reduce  the  cost  of  mill  details  by  having  the  mills  do  only  part  of  the  j 
work,  the  rest  being  done  in  the  field,  or  by  sending  out  from  the  shop  to  be  riveted  on  in  the  field ' 
connection  angles  and  other  small  details  that  would  cause  the  work  to  take  a  very  much  higfatf : 
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indarrl  connections  should  be  used   whercver  possible,  and  special  work  should  be 
^Kur  additional  notes  on  <»rdering  material,  see  Chapter  XI L 

atitig  the  cost  of  plain  material  in  a  finished  structure  the  shipping  weight  from  the 

( shop  is  wanted.     The  cost  of  material  f.  o.  b.  the  shop  must  therefore  include  the  cost 

lint  material,  and  the  freight  from  the  mill  to  the  shop.     The  waste  is  variabJe  but 

t  may  be  taken  at  4  per  cent.     Paint  material  may  be  taken  as  two  dollars  per  ton, 

tin  nidterial  at  the  shop  would  be 

!  cost  per  lb,  f*  o.  b.  mill,  say .  i»75  cts. 

per  cent  for  waste .  . . , , 07    *' 

LOO  per  ton  for  paint  material    ,  . , . , 10    ** 

eight  from  mill  to  shop  (Pittsburg  to  St,  Louis) 225  *' 


'otal  cost  per  pound  f.  o,  b,  shop ......,, ..,..,. 2. 145'* 

\n  the  average  cost  of  steel  per  pound  multiply  the  pound  price  of  each  kind  of  material 
\g<c  that  this  kind  of  material  is  of  the  whole  weight,  the  sum  of  the  products  will 
pound  price. 
ST  OF  SHOP  LABOR.— The  cost  of  shop  labor  may  be  calculated  for  the  different 
structure,  or  may  be  calculated  for  the  structure  as  a  whole.     The  following  costs 
on  an  average  charge  of  40  cents  per  hour  and  include  detailing  and  shop  labor.     The 
iling  beams,  channels  and  angles  which  are  simply  ptmched  or  have  connection 
attached  should  ht  estimated  on  the  basis  <if  mill  details,  which  see. 
COSTS  OF  STEEL  FRAME   BUILDINGS.— The  following  costs  of  different  parts 
mr  office  and  mill  structures  are  a  fair  average. 

, — In  lots  of  at  least  six,  the  shop  cost  of  columns  is  ab^nit  as  follows:    Columns 

ehannels  and  two  plates,  or  two  channels  lacc<J  cost  about  0.80  to  0.70  cts.  per  Ib-^ 

weighing  from  600  to  1,000  lb,  each;  columns  made  of  4  angles  laced  cost  from  0.80 

per  lb,;  columns  made  of  two  channels  and  one  I-beam,  or  three  channels  cost  from 

cts.  per  lb.;  columns  made  of  single  I-beams,  or  single  angles  cost  about  0.5a  cts.  per 

columns  cost  from  0.70  to  0,90  cts.  per  lb. 

columns  cost  from  1.50  to  075  cts.  per  lb.,  for  coluiins  weighing  from  500  to  2,500 
least  six. 

In  lots  of  at  least  six,  the  shop  cost  of  ordinary  riveted  roof  trusses  in  which 
members  are  cut  off  at  right  angles  is  about  as  follows:  Trusses  weighing  1,060  lb. 
1*25  cts.  per  lb.;  trus»?s  weighing  1,500  lb.  each,  0.90  to  l.oo  cts.  per  lb,;  tnjsscs 
500  lb,  each,  0.75  to  0.85  cts.  per  lb.;  and  trusses  weighing  3,500  to  7*500  lb.  0.60  to 
cr  lb.     Pin-connected  trusses  cost  from  0.10  to  0.20  cts.  per  11k  more  than  riveted  trusses. 
Stnitft, — Ordinar>^  eave  struts  made  of  4  angles  laced,  whose  length  docs  not  exceed 
L,  cost  for  shop  work  from  0.80  to  i.oo  cts,  per  lb. 

Girders. — The  shop  work  on  plate  girders  for  crane  girders  and  floors  will  coat  from 
15  cts.  per  lb„  depending  upon  the  weight,  details  and  number  made  at  one  time. 

TABLE  IV. 

Cost  op  Ciactrt.^R  and  RECTANCtrLAR  Bins  and  Stand-Pipes,  not  iNa^UDiNC 
HoppE-ts  OR  Bottoms, 


|iliifolMgtal.ln. 

Sho|>  Co«l  in  Cents  per  Lb.                                         ) 

Water  Tight. 

BifM. 

Li 

0.90 
0.85 
0.80 
075 

0.80 

0.75                              1 
0.70 

0.6; 

^^^i^^gm 
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SHOP  COSTS  OF  BINS  AND  STAND-PIP£S.~Shop  costs  for  circular  and  lec 
bins  and  stand-pipes  are  given  in  Table  IV,  while  shop  costs  for  bin  and  elevated  tank 
are  given  in  Table  V.    The  shop  cost  of  towers  for  elevated  tanks  are  given  in  Table  VI 

TABLE  V. 
Shop  Cost  of  Bottoms  for  Circular  and  Rectangular  Bins  and  Stand-Pii 


ThidmesB  of  Material. 
In. 

Flat  Bottom.  Cents 
per  Lb. 

Spherical  Bottom. 
Cents  per  Lb. 

Conical  Bottom.  Cents 
per  Lb. 

Hopper  Botto 
per  LI 

f 

I.SO 

1.45 
1.40 
1. 25 

4.00 

4.40 
450 

3.50 
3.00 

2.75 
2.50 

2.50 
2.40 
2.2s 
2.00 

TABLE  VI. 
Shop  Cost  of  Towers  for  Elevated  Tanks  and  Bins. 


Weight  of  Tower  and  Bracing  in  Lb. 

Shop  Cost  in  CenU  per  Lb. 

AdjusUble  Bracing. 

Riveted  Bradx 

io,oco  and  less 

1.30 
1.25 
I.15 
1. 10 

1.20 

10.000  to  20.000 

1. 10 

20.000  to  co.ooo 

1.05 
1. 00 

co.ooo  and  uo 

SHOP  COSTS  OF  INDIVIDUAL  PARTS  OF  BRIDGES.— The  cost  of  fabricati 
and  other  similar  members  should  be  estimated  on  the  basis  of  mill  details,  which  see. 

Eye-Bars. — ^The  shop  cost  of  eye-bars  varies  with  the  sire  and  length  of  the  bars 
number  made  alike.  The  following  costs  are  a  fair  average:  Average  shop  costs  of  bars  ^ 
less  in  width  and  J  in.  and  less  in  thickness  is  from  1.20  to  1.80  cts.  per  lb.,  depending  i 
length  and  size.  A  good  order  of  bars  running  2i  in.  X  i  in.  to  3  in.  X  J  in.,  and  from 
ft.  long,  with  few  variations  in  size,  will  cost  about  1.20  cts.  per  lb.  Large  bars  in  long 
ordered  in  large  quantities  can  be  fabricated  at  from  0.55  to  0.75  cts.  per  lb.  To  get  the  t* 
of  eyi-bars  the  cost  of  bar  steel  must  be  added  to  the  shop  cost.  Half  card  extras  given 
III  should  ordinarily  be  added  to  the  base  price  of  plain  steel  bars. 

Chords,  Posts  and  Towers. — In  lots  of  at  least  four,  the  shop  cost  is  about  as  follows:  ^ 
made  of  two  channels  and  a  top  cover  plate  with  lacing  on  the  bottom  side,  or  two  channt 
on  both  sides  cost  about  i.oo  to  0.85  cts.  per  lb.  for  pin-connected  members  weighing  fi 
to  1,500  lb.;  and  about  0.80  to  0.70  cts.  per  lb.  for  members  with  riveted  end  connections, 
bers  made  of  four  angles  laced  cost  from  0.80  to  i.io  cts.  per  lb.  for  members  with  rivett 
Members  made  of  two  angles  battened  will  cost  about  0.50  cts.  per  lb.  Angles  used  with 
connections  should  have  their  cost  estimated  on, the  basis  of  mill  details,  which  see. 

Pins. — The  cost  of  chord  pins  will  vary  with  the  size,  number  and  other  requirement 
shop  cost  of  chord  pins  and  nuts  may  be  estimated  at  from  2.00  to  3.00  cts.  per  lb.  Roll 
cost  practically  the  same  as  pins.  Rolled  rounds  (pin  rounds)  are  used  for  making  pi 
rollers. 

Latticed  Fence. — The  shop  cost  of  light  simple  latticed  fence  made  of  two  2  in.  '. 
angles,  with  double  lacing  and  about  18  in.  deep,  will  be  about  2.00  cts.  per  lb.;  while  tl 
cost  of  latticed  fence,  with  ornamental  rosettes  or  ornamental  plates,  may  be  as  much  as 
5.00  cts.  per  lb. 

Floorbeams  and  Stringers. — Plate  girders  used  for  floorbeams  and  stringers  will  cos 
0.60  to  1.25  cts.  per  lb.  depending  upon  the  weight,  details  and  number  made  at  one  time. 
beams  made  of  rolled  I-beams  will  cost  from  0.50  to  0.75  cts.  per  lb. 
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■  shop  COSTS  OF  BRIDGES  AS  A  WHOLE.— The  cost  will  be  taken  up  under  the  head 
Bb<oJiiiccted  bridges,  riveted  bridges,  piate  girder  bridges,  combination  bridge  metal,  and 
H|  XfUM  netil. 

■ipCoctl  of  Pin-coanected  Bridges.— The  shop  costs  of  pin-conncctcd  highway  or  railway 
^^|pdu9dve  of  fence  and  joists,  arc  about  as  follows: 

HBridgfs  wijghiiig      5»ooo  lb.  and  less. .....  1.30  cts*  per  lb* 

■  **  "            5,ocx)  to    10,000  lb ,  ,1.20 * 

■  ••  "          to,ocx>  to    20,000  lb .,*. 1.00  *'      "     ** 

■  **  "  20,000  to    40,000  lb 0.90 

B  **  **         40,00010   60,000  lb 0.80  *'     •*     *' 

■  **  **          60,000  to  100,000  lb. ,  0.75    ' 

m  "  **        100,000  to  150,000  lb. 0.70 

■  "  **         150.000  and  up 0,65    ' 

PYlilteostR  include  detailing  and  one  coat  of  shop  paint.  For  reaming  add  0*15  cts.  per  lb. 
■fibop  Costs  of  Riveted  Truss  Bridges. — The  shop  costs  of  riveted  truss  highway  or  railway 
■n,  exduiivc  of  fence  and  joista,  are  about  as  follows: 

BbridKe»wdghing      5*000  lb.  and  less 1.15  cts.  per  lb, 

■  '•  •*            5,000  to    10,000  lb 1. 00  '*      **     " 

■  "*  '*           10,000  to    20,000  lb 0.90  "      **     " 

■  **  "  20,00010    40,000  lb, .0.85  **      **     ** 

I  **  "  40,000  to    60,000  Ux ....,.,..  .0.75  *•      **     " 

B  **  **  60,000  to  too,ooo  lb ♦ .,.*....  -0,70  "      *'     ** 

m  **  '•         100,000  to  150,000  lb ♦,>.o.65  *'      **     " 

■  **  '*         150,000  lb.  and  up , 0.60 

BVue  costs  include  detailing  and  one  coat  of  shop  paint.  For  reaming  add  0.15  cts.  per  lb. 
^^op  Costs  of  Plate  Girder  Bridges. — The  shop  costs  of  plate  girder  high\n^y  or  railway 
■(»»  txdusive  of  fence  and  joists,  are  about  as  follows: 

Bpssi  weighing    10,000  lb.  and  less , 0.90  cts,  per  lb. 

V  '*         "  10,000  to    20,000  lb. . ....,....._....  .0,85    "      ■*     '* 

I                         20,000  to    40,ooi>  lb. .  .  0.75    *'      **     *' 

I                         40,00010    60,000  lb. ...  0.70    "      **     " 

I  60,000  to  roo,ooo  lb 0.60   **     "  ** 

■  100,000  and  up . . , 0.50    •'      **     •' 

l_Pfe*e  ooits  include  detailing  and  one  coat  of  shop  paint.  For  reaming  add  0.15  cts.  per  lb. 
^P^  Costs  of  Tubular  Piers  and  Culverts.— The  shop  costs  of  steel  tubular  pier  shells  and 
B>thficy|  pipe  are  about  as  follows: 

m^  18  in.  10  24  in.  diameter,  J  in.  metal 1,00  eta,  per  lb, 

I  *     M  in.  lo  30  in.  diameter,  }  in.  to  ]  in.  metal  . .  .0.75  to  0.65    "      "     '" 

I  **     30  in.  to  48  in.  diameter,  }  in.  to  |  in.  metal. .,..,.... .  ,0.70  to  o«6o    "      '*     " 

■  "     4^  in.  to  72  in.  diameter,  J  in.  to  )  in.  metal .0.65  to  0,50    "      **     '* 

I  "    73  in-  and  up  |  in.  to  i  in.  metal 0.50  to  0.45    "      '*     " 

Bp*  abovt  nhop  costs  include  detailing  and  one  coat  of  shop  paint.  The  necessary  bracing 
^^•I'T  iiil)ul.ir  piers  jre  included. 

B||£Qit  of  Combtoatioo  Bridge  MetoL — Where  the  bar;?  and  rods  are  standard  and  the 
^^fpiaadf  from  stamlard  patterns*  the  metal  for  combination  bridges  can  be  fabricated 
^^ill-«in'  '     -  for  pin-connected  spans  weighing  the  same  as  the  weight  of 
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Shop  Cost  of  Howe  Truss  Bridge  Metal. — ^The  shop  cost  of  highway  bridge  casdngs  madi 
from  standard  patterns,  is  from  1.50  to  2.00  cts.  per  lb.     The  shop  costs  of  the  plates,  rods 
other  miscellaneous  iron  work  will  be  from  2.00  to  2.50  cts.  per  lb. 

COST  OF  ERECTION  OF  STEEL  FRAME  OFFICE  AND  MILL  BUILDINGS  AIS 
MINE  STRUCTURES.— -In  estimating  the  cost  of  erection  of  structural  steel  work  it  is  best  ti 
divide  the  cost  into  (a)  cost  of  placing  and  bolting  steel,  and  (b)  cost  of  riveting.  The  cost  «■ 
be  based  on  labor  at  an  average  price  of  $3.20  per  day  of  8  hours  or  40  cts.  per  hour. 

(a)  Cost  of  Placing  and  Bolting. — The  cost  of  placing  and  bolting  mill  buildings  for  ordinaiy 
conditions  may  be  estimated  at  from  $6.00  to  $8.00  per  ton.  The  cost  of  placing  and  bolting  ip^ 
steel  office  buildings  may  be  estimated  at  from  $5.00  to  $9.00  per  ton.  The  cost  of  pladng  aij 
bolting  up  steel  bins  may  be  estimated  at  from  $10.00  to  $15.00  per  ton.  The  cost  of  pladif: 
and  bolting  up  head  frames  may  be  estimated  at  from  $12.00  to  $18.00  per  ton. 

(b)  Cost  of  Riveting. — It  will  cost  from  6  to  10  cts.  per  rivet  to  drive  i  or  J  in.  rivcti  b^ 
hand  in  structural  framework  where  a  few  rivets  are  found  in  one  place.  A  fair  average  is  7  cbi 
per  rivet.  The  same  size  rivets  can  be  driven  in  tank  work  for  from  4  to  7  cts.  per  rivet,  wilk 
5  cts.  per  rivet  as  a  fair  average. 

The  cost  of  riveting  by  hand  is  distributed  about  as  follows: 

3  men,  2  driving  and  i  bucking  up,  at  $3.50  per  day  of  8  hours $ia50      -, 

I  rivet  heater  at  $3.00  per  day  of  8  hours 3.00 

Coal,  tools,  superintendence 1.50 


Total  per  day $15.00 

On  structural  work  a  fair  day's  work  driving  i  in.  or  §  in.  rivets  will  be  from  150  to  250^ 
depending  upon  the  amount  of  scaffolding  required.  This  makes  the  total  cost  from  6  to  10  ctaii 
per  rivet. 

On  bin  work  when  the  rivets  are  close  together  and  little  staging  is  required  the  gang  aboiV' 
will  drive  from  200  to  400  rivets  [)cr  day.     This  makes  the  total  cost  from  about  4  to  7  cts.  per  riwt 

Rivets  can  be  driven  by  power  riveters  for  one-half  to  three-fourths  the  above,  not  countiig 
the  cost  of  installation  and  air.  The  added  cost  for  power  and  equipment  makes  the  coit  d 
driving  field  rivets  with  pneumatic  riveters  about  the  same  as  the  cost  of  dtiving  field  rivcti  bf 
hand. 

Soft  iron  rivets  J  in.  and  under  can  be  driven  cold  for  about  one-half  what  the  same  riveU 
can  be  driven  hot,  or  even  less. 

Cost  of  Erection. — Small  steel  frame  buildings  will  cost  about  $10.00  per  ton  for  the  crectioi 
of  the  steel  framework,  if  trusses  are  riveted  and  all  other  connections  are  bolted.  The  cost  d 
laying  corrugated  steel  is  about  S0.75  per  square  when  laid  on  plank  sheathing,  $1.25  per  squaie 
when  laid  directly  on  the  purlins,  and  $2.00  per  sfjuare  when  laid  with  and-condensation  liniflli 
The  erection  of  corrugated  steel  siding  costs  from  $0.75  to  $1.00  per  square.  The  cost  of  erectin 
heavy  machine  shops,  all  material  riveted  and  including  the  cost  of  painting  but  not  the  costfll 
the  paint,  is  about  $8.50  to  $9.00  per  ton.  Small  buildings  in  which  all  connections  arc  bohcd 
may  be  erected  for  from  $5.00  to  $6.00  per  ton.  The  cost  of  erecting  the  structural  framewok 
for  office  buildings  will  var>'  from  $6.00  to  $10.00  per  ton. 

Actual  Costs  of  Erection. — The  cost  of  erecting  the  East  Helena  transformer  building,  l8j7t 
was  $12.80  per  ton,  including  the  erection  of  the  corrugated  steel  and  transportation  of  the  m* 
The  cost  of  erecting  the  Carbon  Tipple  was  $8.80  per  ton,  including  corrugated  steel.  Tbeco*- 
of  erection  of  the  Basin  &  Bay  State  Smelter  was  $8.20  per  ton,  including  the  hoppers  and  cocxv* 
gated  steel. 

The  cost  of  erecting  the  structural  steel  work  for  the  Great  Northern  Ry.  Grain  Ekvittfi 
Superior,  Wisconsin,  was  $13.25  per  ton  including  the  driving  of  all  rivets.  There  were  lofil^ 
tons  of  structural  steel  work,  and  2,000,000  field  rivets,  or  nearly  200  field  rivets  per  ton  of  strBC* 
tural  steel. 
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Structural  Steel  for  an  Armory.* — The  structural  framework  for  the  new  armory 

:y  of  Illinois,  consi,sts  of  thrcc-hinged  arches  having  a  span  of  206  ft.,  and  a  center 

ud^  ^  ft.  5  tfi.     The  arches  are  spaced  26  ft.  6  in.  centers  and  are  braced  in  pairs*     The  total 

of  structural  steel  was  985  tons^  and  contained  15,400,  {  in.  and  I4.900,  j  in.  or  a  tutal  of 

field  rivets.     The  cost  of  erecting  the  structural  steel,  including  field  riveting  was  f9.$5 

to«L     The  a%'erage  cost  of  dri\Tng  the  field  rivets  was  13. 1  els.  each. 

COST  OF  ERECTION  OF  STEEL  BRIDGES.— The  cost  of  erection  ordinarily  includes: 
•^t  of  hauling  the  bridge  to  the  bridge  site;  (2)  the  building  of  the  falsework  and  the 
The  steel  in  position;  (3)  the  riveting  up  of  the  bridge,  and  (4)  painting  the  stt*cl  and 
-rk. 
ing, — Transportation  over  country  roads  will  ordinarily  cost  about  25  cts.  per  ton- 
kilr,  in  addition  to  the  cost  of  loading  and  unloading.  In  estimating  the  cost  of  hauling  on  any 
■Utkulaf  job  the  length  of  haul,  kind  of  roads,  price  of  teams  and  labor,  and  the  character  of 
BrCeoms  should  be  considered.  The  cost  of  loading  on  the  wagons  and  unloading  will  depend 
f  *  'iiCiil  conditions,  but  will  ordinarily  be  from  25  to  50  cts,  piT  ton.  For  railroad  bridges 
ork  may  »jrrJinarily  be  brought  directly  to  the  site  by  rail. 

wGirk* — ^If  piles  are  to  be  used  the  cost  should  be  carefully  estimated.  The  cost  of  the 
ice  will  vary  with  the  cost  of  piles  and  Itx^al  conditions.  Under  ordinary'  conditions 
l^*5Work  will  cost  from  25  to  50  cts.  per  lineal  foot  in  place.  The  cost  of  the  timber  will 
»n  local  conditions  and  up*m  what  use  is  made  of  it  after  erection.  The  flooring  plank 
V  liridges,  and  ties  and  guani  timliers  in  railway  liridges  can  i>ften  l>e  used  in  the  false- 
lilt  serious  injury.  The  cost  of  erecting  the  timber  in  the  falssework  will  ordinarily  be 
r  to  $8.00  per  thousand  ft.  B.  M. 
r  -5f  Tabular  Piers. — The  cost  of  setting  tubular  piers  for  highway  bridges  will  depend 
ions*  Tubes  36  in.  in  diameter  and  20  ft.  lung  have  iK-en  set  in  favorable  locations 
€  ^5.ou  per  j.«air,  not  including  the  driving  of  the  piles  or  the  placing  of  the  concrete.  It  is» 
;  Dfrt  *^iff  to  estimate  the  cost  of  setting  tubes  from  36  to  48  in.  in  diameter  under  even 
pveralile  >  :it  less  than  $2.00  per  lineal  f*xit  of  tube.     When  the  cost  of  setting  tubes  ia 

'  it  shouM  be  figured  at  from  $15.00  to  S20.00  per  ton,  for  ordinary  conditions. 
;  v3l commonly  cost  fnjm  25  to  50  cts.  jx.'r  lineal  ft.  to  drive  piles  in  tubes,  in  addition  to  the  cost 
!  tke  ides,  which  will  vary  from  10  to  20  cts.  per  lineal  foot.  The  concrete  will  commonly  cost 
OB  §6joo  to  $S,QO  per  cu.  yd.  in  place  in  the  tube. 

and  Bolting. — The  cost  of  placing  and  bolting  up  riveted  highway  spans,  aud  erecting 
(cd  highway  spans,  no  rivets  being  driven,  is  about  as  follows: 

Ktflivay  spans  from    30  to    60  ft $12,00  to  $15.00  per  ton, 

*•  *'        "       60  to  too  ft.  _- i 0.00  to    12.00   "      •* 

*•     *'    **   100  to  150  ft.  _         9.00  to  10.00  **      *• 

'•     ••    •*  150  ft.  and  up . .  . ,  . 8.00        **  ** 

TTir  .-TWf  Mf  jvlai'ing  and  bolting  up  railroad  spans  will  depend  so  much  upon  the  local  con- 

ni  that  it  is  difficult  to  give  general  coets. 
1  rir  i"?^!  <ji    Miving  field  rivets  in  pin*cocnected  spans  will  vary  from  7  to  12  cts.  per  rivet* 
t^  cost  of  driving  ficUl  rivets  in  riveted  tnrsses  will  vary  from  6  to  10  cts.  per  rivet.     The 
rs  in  riveted  low  truss  highway  bridges  de|x'nds  upon  the  number  uf  panels  and 
.lib,  and  will  be  about  155  to  2txi  for  a  three-panel  bridge,  and  400  to  500  for  a 
The  numL>er  of  rivets  in  through  riveted  highway  bridgt-s  will  be  about  250  to 
panel  bridge,  and  1,300  to  1.500  for  a  nine-panel  bridge.     Pin<onnected  bridges 
ly  hai^  about  1  to  )  as  many  field  rivets  as  a  riveted  bridge  of  similar  dimensions. 
appmxlm;i(e  number  of  field  rivets  in  single  track  railway  bridges,  designed  for  E  55 
an  ^hrrn  in  Table  Vll. 

^tnemiag  and  Contacting.  Aug.  6,  1913, 
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TABLE  VIL 

Number  of  Field  Rivets  in  Railway  Bridges,  Single  Track,  E  55  Loading. 

(Harriman  Lines.) 


Plate  Girders. 

Through  Truss  Bridges. 

Deck. 

Through. 

Riveted. 

Pin-Connected. 

Span,  Ft. 

Number  of 
Fieid  Rivets. 

Span.  Ft. 

Number  of 
Field  Rivets. 

Span,  Ft. 

Number  of 
Field  Rivets. 

Span.  Ft. 

Numba 
Fieid  Rii 

30 
40 

60 
70 
80 
90 
100 

100 
200 
300 
400 
500 
500 

600 

30 
40 

70 

80 

90 

100 

600 
1,200 
1,300 
1,700 
1,900 
2,000 
2,200 
2,400 

100 
IIO 

140 

150 

2,900 
2,900 
4,300 
S.300 
5i6oo 

;i2 

180 
200 

2,8a 
3,0a 
3,2a 
3,2a 

' 

The  field  rivets  on  the  20th  St.  Viaduct,  Denver,  Colorado,  cost  7  cts.  each.  The  r 
were  driven  by  air  riveters. 

Actual  Costs  of  Erecting  Railway  Bridges. — The  cost  of  erecting  railway  bridges  on  the  I 
&  S.  F.  Ry.  in  1907  arc  given  in  the  report  of  the  Assoc,  of  Ry.  Supt.  of  B.  &  B.  as  folIows^ 

Trusses,  984  tons  erected,  cost  $4.63  per  ton. 

Plate  Girders,  2,784  tons  erected,  cost  $5.49  per  ton. 

I -Beams,  2,837  tons  erected,  cost  $2.88  per  ton. 
All  girders  and  I-beams  were  erected  with  a  steam  wrecker  and  the  through  spans  with  ade 
car.  The  reason  for  the  plate  girders  costing  more  to  erect  than  the  through  trusses  was 
many  of  the  plate  girders  were  on  second  tr^ck  where  the  old  girders  had  to  be  cut  apart  and  m 
to  the  outside  and  heavier  girders  put  in  their  place.  All  rivets  were  driven  by  hand.  Fori 
tional  examples  of  actual  costs,  sec  Gillette's  "Cost  Data." 

Transportation. — Fabricated  structural  steel  commonly  takes  a  "fifth-class  rate"  y 
•shipped  in  car  load  lots,  and  a  "fourth-class  rate"  when  shipped  "local"  (in  less  than  car 
lots).  The  minimum  car  load  depends  upon  the  railroad  and  varies  from  20,000  to  30,00 
Tariff  sheets  giving  railroad  rates  may  be  obtained  from  any  railroad  company.  The  shif 
clerk  should  Ixi  provided  with  the  clearances  of  all  tunnels  and  bridges  on  different  lines  so 
the  car  may  be  properly  loaded. 

Freight  Rates. — The  freight  rates  (1913)  on  finished  steel  products  in  car  load  shipments 
the  Pittsburgh  District,  including  plates,  structural  shapes,  merchant  steel  and  iron  bars, 
fittings,  plain  and  galvanized  wire,  nails,  rivets,  spikes  and  bolts  (in  kegs),  black  sheets  (e 
planished),  chain,  etc.,  are  as  follows,  in  cts.  per  100  lb.  in  carload  shipments;  Albany,  16;  Bu 
11;  Boston,  18;  Baltimore,  14^;  Cleveland,  10;  Columbus,  12;  Cincinnati,  15;  Chicago,  18;  De 
Colo.,  85§;  Harrisburg,  14};  Louisville,  18;  New  York,  16;  Norfolk,  20;  Philadelphia,  15;  RocIm 
iij;  Richmond,  20;  Scranton,  15;  St.  Louis,  23;  Washington,  I4i. 

COST  OF  PAINTING. — The  amount  of  materials  required  to  make  a  gallon  of 
and  the  surface  of  steel  work  covered  by  one  gallon  are  given  in  Table  VIII.  Structural 
should  be  painted  with  one  coat  of  linseed  oil,  linseed  oil  with  lamp-black  filler,  or  red  lead 
at  the  shop;  and  two  coats  of  first-class  paint  after  erection.  The  two  field  coats  should 
different  colors;  care  being  used  to  see  that  first  coat  is  thoroughly  dry  before  applying  the  » 
coat.  Steel  bridges  and  exposed  steel  frame  buildings  ordinarily  require  repainting  every 
or  four  years. 

The  steel  work  in  the  extension  to  the  i6th  St.  Viaduct,  Denver,  Colo.,  was  painted  wit 
lead  paint  mixed  in  the  following  proportions, — 100  lb.  red  lead,  2  lb.  lamp-black  and  4*125  g: 
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B^Si5tttT?niade  6  gallons  of  mijced  paint  of  a  chocolate  color,  and  gave  1 455 
{or  each  gallon  of  oil. 

TABLE  VIII. 

Average  Surface  Covered  peu  Gallon  of  Paint. 

Pekcoyd  Hand  Book. 


FteinL. 


poirdered) . 
groiMid  in  cnt  • 
owvSered)   , , 

(ground  in  oil 
round  in  oil) 

it 

tno  pigment) 


I 


Volume  ol  cm. 


I  gal. 

I  ga!. 

I  gal, 

1  gal. 

1  gal,  (turp.) 

t  gal. 


pQU^da  of 
Pigment, 


8.00 

H-75 
2240 
25.00 
12.50 
17.50 


Volume  and 
Weight  of         Square  Feet* 

Paint.         I 


Gal. 


l,b. 


I  I  Coat  J  J  Coat«, 


1.2  «  16.00 

2.6  =  32.75 
14  —  30.40 

1.7  =  33.00 

2.0  «  20.50 
4.0  =  50,00 


600 
630 
630 
500 
630 

S«5 

875 


350 

375 
300 

350 
310 


njctural  work  wilt  avt-rag^c  about  250  fw|.  ft.,  and  hca\'>'  structural  work  about  150 
stfic  per  net  ton  of  metal,  while  No.  20  corrugated  stt?el  has  2400  sq.  ft.  of  surface. 
imon  practice  to  estimate  \  gallon  of  paint  for  the  first  coat  and  |  gallon  for  the 
pn  of  structural  steel,  for  average  ronditirms. 

(viint  materials  in  small  quantities  in  Chicago  arc  (1914)  about  as  follows: 
)  60  cts.  per  gal.;  iron  oxide*  t  to  2  cts,  per  lb,;  reij  lead»  7  to  8  cts.  per  lb.;  white 
cr  lb.;  graphite,  6  to  10  cts,  per  lb. 

should  paint  1,200  to  1,500  sc],  ft.  of  plate  surface  or  corrugated  steel  or  300 
uctural  steel  work  in  a  day  of  8  hours;  the  amount  covered  depending  upon  the 
Jng  and  the  paint.  A  thick  red  lead  pgint  mixed  with  30  lb,  of  lead  to  the  gallon 
c  fully  twice  as  long  to  apply  as  a  graphite  paint  or  linseed  oil.  The  cost  of  applying 
Kly  equal  to  the  cost  of  a  good  quality  of  paint,  the  cost  per  ton  dejjending  on  the 
littles  of  the  paint.  This  rule  makes  the  cost  of  applying  a  red  lead  paint  with  30  lb, 
Mlon  of  oil  from  two  to  three  times  the  cost  of  applying  a  good  graphite  paint, 
Bral  «tet'l.  For  additional  data  on  fiainis,  see  Chapter  XV. 
20US  COSTS. — The  following  approximate  costs  will  be  of  value  in  making 
ites.  The  cost  of  construction  depends  so  much  u|>on  local  conditions  that 
tild  only  be  uaerl  as  a  guide  to  the  judgment  of  the  engineer. 
>ING  FLOORS. — The  following  costs  are  for  floors  resting  on  a  good  compact 
at  include  unusual  ditficuUies. 

Floor  on  Pitch-Concrete  Base.^The  cost  varies  from  about  $1.25  per  sq.  yd.  for  a 
'  And  a  J'in.  pine  finish,  to  about  $1,75  per  scj.  yd.  for  a  2-in.  pine  sub-floor  and  i 
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'  on  Gravel  Sub-base-— The  cost  varies  from  $1*25  to  $2,00  per  sq.  yd. 
aber  Block  Floor. — Crcosotcd  timber  blocks  3  in.  to  4  in.  thick,  laid  on  a  6-in* 
cost  from  $2.50  to  S3. 50  per  sq,  yd. 
rO  FOR  MILL  BUILDINGS.— The  following  costs  include  the  cost  of  materials 

^.  hut  do  not  include  the  cost  of  the  she.ithing. 

I  Rooflag. — The  weight  of  corrugated  steel  roofing  and  siding  raay  be  ob- 

I,  Chapter  1.     The  price  of  corruRated  steel  may  be  obtained  from  current 

Sneering  News  or  Iron  Age.     The  cost  of  laying  corrugated  steel  is  about  $0.75 

i  laid  on  plank  sheathing,  $1,25  per  **quare  when  laid  directly  on  the  purlins,  and 

when  laid  with  anti-condensation  lining.     The  erection  of  corrugated  siding 

I  per  square.     Asbestos  paper  costs  from  3!  to  4  cts.  per  lb,    Galvamxcd 
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wire  netting,  No.  19,  costs  25  to  30  cts.  per  square  of  100  sq.  ft.  Brass  wire,  No.  20,  costs  about  2 
cts.  per  lb.  No.  9  galvanized  wire  costs  about  3  cts.  per  lb.  For  trimmings,  flashing,  ridge  rol 
etc.,  add  i  ct.  per  lb.  to  the  base  price  of  corrugated  steel. 

Tar  and  Gravel  Roofing. — Four-  or  five-ply  tar  and  gravel  roofing,  for  average  conditions 
costs  from  $3.75  to  $4.00  per  square,  not  including  sheathing.  Five  hundred  squares  of  5-plj 
tar  and  gravel  roofing,  in  19 12,  in  the  middle  west,  cost  $3.93  per  square,  not  including  sheathing 

Tin  Roofing. — ^Tin  roofing  costs  from  $7.00  to  ^.00  per  square,  not  including  sheathinf. 

Slate  Roofing. — Slate  roofing  costs  from  $7.00  to  $12.00  per  square,  not  including  sheathing. 

Tile  Roofing. — The  cost  of  tile  roofing  is  variable,  depending  upon  style  of  roof  and  locatioi 
and  local  conditions,  and  may  vary  from  $13.00  to  $30.00  per  square,  not  including  sheathing. 

WINDOWS. — Windows  with  wooden  frames  and  sash,  and  double  strength  glass,  will  cat 
from  25  to  50  cts.  per  sq.  ft.  of  opening.  Windows  with  metal  frames  and  sash  and  wire  gbi^ 
will  cost  from  45  to  55  cts.  per  sq.  ft.  of  opening. 

SKYLIGHTS. — Skylights  with  metal  frames  and  sash  and  wire  gla^s,  will  cost  from  50 1» 
60  cts.  per  sq.  ft.  Skylights  made  of  translucent  fabric  stretched  on  wooden  frames,  ikill  axt 
from  25  to  30  cts.  per  sq.  ft.     Louvres  without  frames,  will  cost  about  25  cts.  per  sq.  ft. 

CIRCnLAR  VENTILATORS.— Circular  ventilators  will  cost  about  as  follows:— 12-in, 
$2.00;  i8-in.,  $6.75;  24-in.,  $10.00;  36-in.,  $15.00  each,  when  ordered  in  lots  of  at  least  six. 

ROLLING  STEEL  SHUTTERS.— Rolling  steel  shutters  will  cost  $0.75  to  $1.00  per  sq.ft. 

WATERPROOFING. — The  following  costs  for  waterproofing  engineering  structures  lie 
taken  from  the  Proceedings  of  the  American  Railway  Engineering  Association,  Vol.  12,  1911. 
(i)  Bridge  floor,  6-ply  felt  and  pitch,  12}  cts.  per  sq.  ft.,  including  protection  over  waterproofiiVi 
(2)  Trough  bridge  floor,  4-ply  burlap  and  asphalt,  10  to  16I  cts.  per  sq.  ft.  (3)  Bridge  floor,  5i4f 
burlap  and  asphalt,  and  asphalt  mastic,  16  cts.  per  sq.  ft.  (4)  Concrete  slab  bridge  floor,  5-plf 
felt,  i-ply  burlap  and  pitch,  15}  cts.  per  scj.  ft.,  including  a  10  year  guarantee. 

MISCELLANEOUS  MATERIALS.— The  following  prices  are  for  small  lots,  f.o.b.  Pittsbmih 
(May,  1914). 

Chain. — Standard  chain,  A  in.,  ji  cts.  per  lb.;  J  in.,  3  cts.  per  lb.;  i  in.,  2.6  cts.  perlb. 
For  BB  chain,  add  i  i  cts.  per  lb.,  and  for  BBB  chain,  add  2  cts.  per  lb. 

Nails. — Base  price  of  nails,  $2.00  per  keg  of  100  lb. — 2od  to  60  d  nails  arc  base;  for  lodtt 
i6d,  add  5  cts.  per  keg;  for  8d  and  Qd,  add  10  cts.  per  keg;  for  6d  and  7d,  add  20  cts.  per  keg; 
for  4d  and  5d,  add  30  cts.  per  keg;  for  3d,  add  45  cts.  per  keg,  and  for  2d,  add  70  cts.  perkcg< 

Gas  Pipe. — Gas  pipe  costs  about  as  follows: — Standard  gas  pipe  i  in.  diam.,  black,  3!  cl» 
per  ft.,  glavanized,  5  cts.  per  ft.;  2  in.  diam.,  black,  7§  cts.  per  ft.,  galvanized,  li  cts.  per  ft.;  3 »• 
diam.,  black,  i6i  cts.  per  ft.,  galvanized,  23  cts.  per  ft. 

Steel  Railroad  Rails. — Bessemer  rails,  $28  per  gross  ton  (2240  lb.) ;  open-hearth,  $30  pe 
gross  ton. 

Wire  Rope. — The  cost  of  steel  wire  rope  is  about  as  follows: — |  in.  rope,  10  cts.  per  lineal  ft 
}  in.  rope,  13  cts.  per  lineal  ft.;  I  in.  rope,  20  cts.  per  lineal  ft.;  li  in.  rope,  45  cts.  per  lineal  ft. 

Manila  Rope. — Manila  rope  costs  about  12!  cts.  per  lb.     Sisal  rope  costs  about  9  cts.  per  B 

HARDWARE  AND  BIACHINISTS  SUPPLIES.— Prices  of  hardware  and  machiM 
supplies  are  for  the  most  part  quoted  by  giving  a  discount  from  standard  list  prices.  The  "In 
Age  Standard  Hardware  Lists,"  price  $2.00,  may  be  obtained  from  the  Iron  Age  Book  Departine* 
239f  W.  39th  St.,  New  York.  Discounts  from  these  standard  lists  are  given  each  week  in  Ir 
Age.  The  base  prices  of  structural  materials  are  given  in  the  first  issue  of  each  month  of  Engiii«« 
ing  News,  and  are  given  in  each  issue  of  Iron  Age. 

REFERENCES.— For  detailed  estimates  of  steel  mill  buildings  and  additional  data  oa  1 
cost  of  steel  mill  buildings  see  the  authors  "  The  Design  of  Steel  Mill  Buildings."  For  dct^ 
estimates  of  steel  highway  bridges  and  additional  data  on  the  cost  of  steel  highway  bridges, 
the  author's  "  The  Design  of  Highway  Bridges."  For  data  on  the  cost  of  retaining  walls,  biia»  a 
grain  elevators,  see  the  author's  '*  The  Design  of  Walls,  Bins  and  Grain  Elevators."  ?<*"  «3 
on  the  cost  of  steel  head  frames,  coal  tipples,  and  other  mine  structures,  see  the  autbor** 
Design  of  Mine  Structures." 


CHAPTER  XIV. 
Erection  of  Structural  Steel. 


!OBS  OF  ERECTION.— The 


thod  used 


steel 


depend 


structure 
structure,  the  size  of  the  structure*  the  risk  to  he  taken,  as  in  bridge  erection, 
the  structure  Is  to  be  erected  without  interfering  with  traffic,  as  in  creeling  a  railroad 

idlit  to  repUcc  an  existing  structure,  or  in  erecting  a  building  overfurnaces  or  working  machinery*, 
mvaHaUle  tools,  and  local  conditions.     The  tendency  of  modern  structural  steel  erection 

kctke  is,  aA  far  as  pc»»sible,  to  use  derrick  cars  for  erecting  railway  bridges  and  locomotive  cranes 

r  tnctifig  mill  buildtng?i  and  other  Ftructures. 

The  methods  of  erection  that  may^  be  used  for  erecting  different  steel  structures  arc  as  folI<^>w3. 
Pltie  Gtrders  and  Short  Riveted  Spans. — Plate  girders  up  to  about  60  ft.  span  are  very 
DMifily  riveteij  up  complete  with  cross  frames  and  bracing,  either  at  the  shop  or  at  the  site,  and 

^filiced  in  position  on  the  abutments*  With  plate  girders  longiT  than  60  ft.  and  short  riveted 
■  one  pfilcT  or  tnias  is  placed  in  pjosition  at  a  time  and  the  floorbeams  and  bracing  arc  put 
BE  alter  the  girders  or  trusses  are  in  place.  The  girders  or  trusses  may  be  swung  into  place 
kt^-lrg  derrick  or  a  guy  derrick  set  up  alongside  the  track  or  back  of  the  abutment  where 
■M  track;  by  a  derrick  car,  or  may  be  hoisted  into  place  by  a  gin  pole.  Where  falsework 
^^Hbced  girders  are  picked  up  from  the  cars  by  two  gallows  frames,  one  near  each  end  of  the 
^^w  one  ga11<»w4  frame  and  a  derrick.  Plate  girders  may  also  Ije  put  in  place  by  sliding 
^^^ither  Umgitudinally  or  transversely,  or  by  jacking  and  cribbing. 

hvn  Bridges* — Riveted  trusses  up  to  a  span  of  100  to  125  ft.  may  be  riveted  up  on  the 
Ami  be  swung  into  place  by  a  lxM»m  traveler  or  a  derrick.  The  floorbcams  and  bracing 
ksi  put  tn  place  and  the  span  riveted  up.  Where  falsework  b  required  the  bridge  ma>'  lae 
H  by  a  gantr>^  or  outside  traveler  placed  outside  of  the  trusses,  by  a  boom  traveler  running 
bxck  placed  inside  the  trusses,  or  by  a  derrick  car.  The  gantry  or  outside  traveler  is  com- 
I  mod  for  it»ng  spans  and  for  highway  s^pans  where  no  tracks  are  available.  The  boom 
fcr  n  rommonly  used  for  elevated  railway  and  highway  vbducts.  The  derrick  car  is  now 
■^^^■||  for  erecting  railway  bridges  and  is  sometimes  used  for  erecting  viaducts, 
^^^QP  Bridges. — f'antilever  bridges  are  commonly  erected  by  means  of  an  overhang 
KfQatittig  on  the^jmpleted  portion,  the  structure  being  built  out  from  the  shore,  Canti- 
rnridg»  arc  sonu^mes  erected  on  falsework  in  the  same  manner  as  simple  trusses. 
||ICII  Bridges,^\r(  hes  may  be  ertrcted  on  falsework  in  the  same  manner  a-s  simple  truss  spans. 
My  U-  1  -tiMh  vred  out  from  each  abutment,  the  canrilevcr  being  supported  by  temporary 
P^  i  tower  placed  back  of  the  abutments, 

^Klfn  r  ,»,^^^ — High  steel  viaducts  are  commonly  erected  by  means  of  an  overhang  or 
«i  !r4vrlpr  ntning  on  a  track  on  top  of  the  vnaduct  girders.  The  overhang  or  boom  is  long 
^^  f  »wer  in  advance  with  the  traveler  on  the  completed  portion.     Derrick  cars 

^  for  erecting  high  steel  viaducts.     The  towxrs  and  tht;  girders  may  be  erected 

f  ^^'  !  s.     The  tower  bents  may  be  bolted  up  before  raising  or  may  be  erected  and 

^B|  ItWij^  Mill  and  Office  Buildings. — W^crc  there  is  sufficient  room,  roof  trusses  up 
^^K  ^|«n  i  ,v  be  riveted  or  bolted  up  on  the  ground  and  may  then  be  raised  into  position 
^^P  two  gin  poles.     Two  gin  poles  should  be  used  for  long  trusses.     Care  should 

^~^^  ]*(  le  the  lower  chord.     With  light  trusses,  the  lower  chord  members  should  be 

m~^  oy  aca,^  ,jf  timlKTs  or  other  stiff  members  temporarily  bolted  or  lashed  to  the  member. 
1*^  ftnil  li^g  jjj  office  buildings  may  be  erected  with  stiff-leg  or  guy  derricks,  or  *'A" 
I  441 
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derricks  may  be  used  for  loads  up  to  5  tons.  The  bents  of  steel  mill  buildings  may  U- 
the  same  manner.  Roof  arches  and  train  sheds  are  sometimes  erected  by  meanja  of 
which  is  moved  as  the  erection  proceeds.     Boom-tower  derricks  running  on  tracks  Att  i\mi 


Wl}\ 


^t 


(hj  Crab 


(b)  Winch 


^"Boiler 


\ 


AWmch^or 


(c)  Derrick  Crab 

Fig. 


fd)  Moisting  Engine 

Hoists  fob  Steel  Erection. 


very  convenient.     Locomotive  cranes  are  now  used  for  erecting  mill  buildings  and  similar  stiTr- 
tures  where  tracks  are  available. 

Elevated  Towers  and  Tanks. — ^The  towers  for  high  tanks  are  common 
of  a  gin  polc%  A  gin  pole  long  enough  to  erect  the  entire  tower  may  be  use 
may  be  lashed  to  the  part  of  the  tower  already  erected;  the  gin  poles  being  mo%'ectf  up  as  tbc 


HOISTING  ROPE. 


Stetl  tanks  are  commonly  erected  from  a  movable  platform  suspended  inside  the 
A  mrj%*ablo  swinging  platform  for  the  riveters  is  also  swung  outside  of  the  tank. 
SCTION  TOOLS.^The  tools  and  appliances  used  in  the  erection  of  structural  steel  vary 
ch  thit  it  will  only  be  possible  to  give  a  brief  summary  together  with  data  not  ordinarily  1 
blr.     Many  of  the  tools  and  appliances  used  tn  the  erection  of  structural  steel  are  of  standard 
tion  am!  may  be  purchased  direct  from  dealers,  so  that  a  detailed  description  is  not  neces-  i 

i  ol  Erection  Tools.— For  the  design  of  hoists,  derricks,  cranes,  crane  hooks,  and  other  ' 
in  bridge  erection,  see  Hesb*s  *' Machine  Design,  Hoists,  Derricks,  Cranes,'*  published 
|r  J.  B.  JL  Company. 

^Otst>  iig  engines  may  have  the  boilers  attached  or  may  be  detached-     A  self-con- 

iiCaim  bcnsting  engine  is  shown  in  Fig,  i.     Gasoline  or  electric  power  may  Ix*  used  to 
whriv  available.     For  light  hoisting  Che  4-spool  engine  is  commonly  used.     Data  for 
hoisting  engines  used  by  the  American  Bridge  Company  arc  given  in  Table  I. 
bes  and  Crabs. — For- light  hoisting  winehes  or  crabs  operated  by  hand  power  may  be 
A  crab  is  attached  to  the  mast  or  boom,  while  a  winch  is  self-contained.     Views  of  d  crab 
arc  shown  in  Fig.  I. 

G   ROPE, — Either  manila  rope  or  wire  rope  may  be  used  for  hoisting. 

Rope. — Only  the  ver>'  best  new  manila  rope  should  be  used  fnr  hoisting,  as  manila 

ipidly  deteriorates  when  used  and  commercial  manila  rujw  varies  greatly  in  strength.     The 

,  ultimate  strengths  and  safe  working  loads  for  manila  ro|>e  are  given  in  Table  11.     Working 

rtth  a  factor  of  safety  of  three  should  only  be  used  with  new  roi>e  of  the  best  quality. 


TABLE  I. 
Standard  H'^istin'g  Engine;^,     .\merican  Bridge  Company. 
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H> 

5.50 

84 

21,600 

3,600 

7,200 

14 

mL 

6.i« 

115 

28,500 

4.750 

9.500 

t6 

HP 

7M 

175 

45.000 

7>500 

iS.ooo 

w 

9.41 

251                  64,200 

10.700 

21.400 

1 

. 
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Knots  in  Manila  Rope, — In  a  knot  no  two  parts  which  lie  alongside  of  each  other  she 
move  in  the  same  direction  in  case  the  rope  were  to  slip.  A  few  of  the  more  common  knots 
shown  in  Fig.  2  which  has  been  taken  from  C.  W.  Hunt  Company's  book  on  "  Manila  Rope. 


1.  Bight  of  a  rope. 

2.  Simple  or  Overhang  Knot. 

3.  Figure  8  Knot. 

4.  Double  Knot. 

5.  Boat  Knot. 

6.  Bowline,  first  step. 

7.  Bowline,  second  step. 

8.  Bowline,  completed. 

9.  Square  or  Reef  Knot. 

10.  Sheet  Bend  or  Weaver's  Knot. 

11.  Sheet  Bend  with  a  toggle. 

12.  Carrick  Bend. 

13.  "Stevedore"  Knot  completed. 

14.  "Stevedore"  Knot  commenced. 

15.  Slip  Knot. 


16.  Flemish  Loop. 

17.  Chain  Knot  with  toggle. 

18.  Half-hitch. 

19.  Timber-hitch. 

20.  Clove-hitch.* 

21.  Rolling  hitch. 

22.  Timber-hitch  and  Half-hitch. 

23.  Black-wall-hitch. 

24.  Fisherman's  Bend. 

25.  Round  Turn  and  Half-hitch. 

26.  Wall  Knot  commenced. 

27.  Wall  Knot  completed. 

28.  Wall  Knot  Crown  commenced. 

29.  Wall  Knot  Crown  completed. 


"The  bowline  7  is  one  of  the  most  useful  knots;  it  will  not  slip,  and  after  being  strains 
easily  untied.  Commence  by  making  a  bight  in  the  rope,  then  put  the  end  through  the  bi 
and  under  the  standing  part  as  shown  in  Fig.  2,  then  pass  the  end  again  through  the  bight,  i 
haul  tight. 

"The  square  or  reef  knot  9  must  not  be  mistaken  for  the  'granny'  knot  that  slips  unde 
strain.  Knots  8,  10  and  13  are  easily  untied  after  being  under  strain.  The  knot  13  is  ua 
when  the  rope  passes  through  an  eye  and  is  held  by  the  knot,  as  it  will  not  slip,  and  is  easily  uot 
after  being  strained. 

TABLE  III. 

Crucible  Steel  Hoisting  Rope.    Weight,  Ultimate  Strength  and  Working  Loads 
Wire  Rope  Composed  of  6  Strands  and  a  Hemp  Center,  19  Wires  to  the  Strant 


Minimum  Size  of  Drum  0 

Diameter. 
In. 

Approximate 

Circumference, 

In. 

Weight  per 
Ft..  Lb. 

Approximate  Break- 
ing Stress,  Lb. 

Safe  Working  Stress 

for  Derricks,  Factor 

of  4.  Lb. 

Sheave. 

Derricks,  In. 

Rapid  Hoi 

in£.  In. 

1 

if 

0.22 

10,000 

2,500 

6 

12 

iV 

1} 

0.30 

13,600 

3,400 

7i 

15 

i 

l| 

0.39 

17,600 

4»400 

9 

18 

A 

ij 

0.50 

22,000 

5,500 

10 

21 

2 

0.62 

27,200 

6,800 

12 

27 

1 

2i 

0.89 

38,800 

9,700 

14 

36 

1.20 

52,000 

13,000 

18 

42 

I 

3 

1.58 

68,000 

17,000 

20 

48 

I* 

3i        - 

2.00 

84,000 

21,000 

22 

54 

il 

4 

2.45 

100,000 

25,000 

H 

60 

If 

n 

3.00 

124,000 

31,000 

27 

66 

li 

4i 

3.55 

144,000 

36,000 

30 

69 

"The  timber-hitch,  19,  looks  as  though  it  would  give  way,  but  it  will  not;  the  greater  1 
strain  the  tighter  it  will  hold.  The  wall  knot  looks  complicated;  but  is  easily  made  by  pi 
ceeding  as  follows:  Form  a  bight  with  strand  a  and  pass  the  strand  b  around  the  end  of  it,  ai 
the  strand  c  around  the  end  of  b,  and  then  through  the  bight  of  a,  as  shown  in  the  engra\nng^ 
Haul  the  ends  taut,  when  the  appearance  is  as  shown  in  27.    The  end  of  the  strand  a  is  now  laJ 
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over  the  centre  of  the  knot,  strand  b  laid  over  a,  and  c  over  6,  when  the  end  of  c  is  passed  thrni 
the  bight  of  a,  as  shown  in  28.     Haul  all  the  strands  taut,  as  shown  in  29." 
The  efficiency  of  a  knot  will  vary  from  45  to  75  per  cent. 


TABLE  IV. 

Plqugh  Steel  Hoisting  Rope.    Weight,  Ultimate  Strength  and  Working  Loads  or  Wb 
Rope  Composed  of  6  Strands  and  a  Hemp  Center,  19  Wires  to  the  Strand. 


Minimum  SIxe  of  Dmm 

Diameter, 

Approadmate 

Circumference. 

In. 

Weight  per 

Approximate 

Breaking 

Stress.  Lb. 

Safe  Working  Stress 

for  Derricks. 

Factor  of  4.  Lb. 

or  Sheave. 

In. 

Foot.  Lb. 

Dertck^ln.   iRHpWHoiHii 
1           In. 

i 

I 

0.22 

11,500 

2,870 

9, 

18 

? 

I 

0.30 

16,000 

4,000 

loi 

21 

H 

0.39 

20,000 

5,000 

12 

H 

A 

I 

0.50 

24,600 

6,150 

H 

27 

2 

0.62 

31,000 

7,750 

H 

33 

2; 

0.89 

46,000 

11,500 

16 

39 

2 

1.20 

58,000 

14,500 

18 

48 

3, 

1.58 

76,000 

19,000 

20 

54 

3i 

2.00 

94,000 

23,500 

24 

60 

I: 

4 

2.4s 

116,000 

29,000 

28 

72 

:t 

3.00 

144,000 

36,000 

32 

81 

I7 

3-SS 

164,000 

41,000 

36 

84 

TABLE  V. 
Data  on  Wooden  Blocks  for  Manila  Rope. 


American  Bridge  Company. 


Type  of  Block. 


Nomi- 
nal 
Size. 
In. 


Width 

of  Shell. 

In. 


Thickness       Ca- 
of  Block,    '  padty, 
In.  Tons. 


Sixe  of  Line,  In. 


Outside 

Diameter 

of  Sheave. 

In. 


Wdfl 
Lb. 


Single  with  hcxjk 

Double  with  hook 

Single  with  hook 

Double  with  hook 

Triple  with  hook 

Single  with  hook 

Double  with  hook 

Triple  with  hook 

Quadruple  with  shackle 

Single  with  hook 

Double  with  hook 

Triple  with  hook 

Quadruple  with  shackle 

Single  with  hook 

Double  with  hook 

Triple  with  hook 

Quadruple  with  shackle 

16"  snatch  block 

20"  snatch  block 


8 
8 

12 
12 
12 

14 
H 
14 
14 

16 
16 
16 
16 

20 
20 
20 
20 
16 
20 


si 

81 
8i 
8J 

loi 
10} 
loi 
10} 

11} 

Mi 
Ili 
Mi 

14 

«4 
14 

'+, 

8J 

9l 


4i 
61 

S 

Mi 

6 

81 

i6i 

6i 
loj 
13J 
I7i 

8i 

I2i 

17} 
ill 

^i 


2 

4 

5 
7 
8 

6 
10 
12 
14 

8 
12 

15 
20 

15 

22 

30 

35 

5 

8 


li 

li 

li 

II 

I!- 
I. 


2  or  2i 
2  or  2} 
2  or  2i 
2  or  li 
lor  li  or  ij 
ij  or  if  or  2  or  2} 


7* 
7i 
7i 

9 
9 
9 
9 

10} 
loi 
10} 
10} 

12J 

12i 
I2i 
12i 

8 
9 


IS 

2C 

4! 
7« 
9i 

? 
II 

'5' 
19" 

9 
14 
19 

2? 

I? 

23' 

36 
43' 

5' 
9 


Wire  Rope. — Wire  hoisting  rope  is  now  used  for  heavy  hoisting  and  in  all  cases  where  pi 
ticable.     Wire  rope  is  much  more  reliable,  gives  much  greater  service,  and  is  much  more  c 
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aod  satUfactcrry  than  manila  rope.     Data  on  crucible  cast  stecJ  hoisting  rope  are  given 
lit;  and  data  on  plough  steel  hoisting  rope  are  given  in  Table  1\\     A  factor  of  safety 
iliotikl  be  Uicd  for  working  loads  only  with  derricks  or  hoists  that  are  nut  in  continuous 
For  pUc  driving  and  for  continuous  hoisting  a  factor  of  safety  of  6  should  be  used  for 
loads.     Wire  ropes  used  in  hoisting  are  commonly  i,  f  and  J  in.  in  diameter.     The  smaller 
are  used  ftir  guy  lines.     For  standing  guy  lines  a  cheaper  wire  rope  will  usually  be 
satisfactory.     Bending  stresses  in  wire  ropes  are  given  in  Fig.  7,  Chapter  X. 
HOISTIlfG   TACKLE* — fiUjcks  for  both  manila  rope  and  wire  rope  arc  made  with  wooden 
di»  And  ^Tth  steel  shells,     Blo«:ks  up  to  12  to  15  tons  capacity  are  commonly  provided  with 
blocks  for  heavier  loads  are  provided  with  shackles.     Blocks  should  be  well  built  with 
beftriiig;s  and  carefully  worked  out  details.     The  common  types  of  blocks  are  shown  in 

Date  OQ  wooden  blocks  for  Manila  rope  as  used  by  the  American  Bridge  Company  are  shown 
ibleV. 

Data  oa  steel  blocks  for  wire  rope  as  used  by  the  American  Bridge  Company  are  shown  in 
VL 

TABLE  VI. 
Data  ok  Steix  Blocks  for  Wire  Rope.     American  Bridge  CoifPANy. 


Type  of  Block. 


Xch  with  h->ok 
Able  w 

Hple  wi 


k  «he«vt 


Width  of 
SheU,  In. 


17 

21 
21 
21 

21 
21 


ThiclcneM 

of  Blocic, 

£11. 


7l 
6 

14) 


Capacity. 
Tofu. 


8 
to 

20 

30 
40 
60 


Line,  in« 


}«ndl 


OuLadc 
Diameter  of 
Sheave,  In. 


14 

H 
H 
H 
H 
14 


Wdght, 
Lb. 


260 
250 

390 
590 

820 
l,j6o 


• — The  rigging  for  lifting  loads  with  wire  rope  are  given  in  Fig.  4,  and  for  manila 
i  m  FiiE.  5*  These  data  are  based  on  experiments  made  by  the  American  Bridge  Company, 
llnvebem  adopted  as  standard  by  the  American  Bridge  Company  and  the  McClintic-MarshaU 
Company. 

TABLE  VIL 

Ratios  op  Load  to  Pltll  in  Lead  LmE, 


1 

Wotk- 
Lb. 

Manila  Rope, 

Bl 

Lift  per  Uoit  PoU  in  Lead  Une  for  Taddc  with  f^uts  aa  follows. 

1 

2 

3 

4 

s 

6 

7 

8 

9       10  j 

«■ 

12 

13 

14 

ItOOO 

0.86 

1-93 

1.73   ' 

348 

4.12 

471 

S-23  57J 

6.12  6.50  6.83 

714 

740  7^64 

■ 

a,Joo 

0.83 

1.92 

2.68 

3.37 

3  95 

4.4H 

4.92  S'32 

5,66  S.96  6.22 

6.45 

6.64  6,82 

Pr 

^IC» 

0.87 

1,93 

2.74 

3.50 

4.16 

477 

5.30 

S.80 

6.23  6.63 

6,98 

7-30 

7-58  17.85 

4 

4*500 

0.83 

U9^ 

2.68 

3.37 

3  95 

44» 

4^91 

5-S^ 

5,65  5.96 

6.21 

6.44 

6.63 

6.81 

i| 

5/>oo 

0.83 

1.91 

2.67 

3-36 

3  93 

4-4S 

4^89 

5.28 

5,61  S.91 

6.15 

6.38 

6.56 

673 

4 

7t90o 

0.81 

I.91 

a.64 

3-30 

3.84 

4-33 

472 

5.08 

5.37  SM 

5^«5 

6.04 

6,20 

6.34 

'.  s 

10*100 

0.82 

1.91 

i/>s 

hn 

3.H7 

4.37  478 

S.14  5.451572 

S94 

6,15 

6.31 

6.46 

4 

IJ.tOO 

0.80 

1.90 

2.63 

3.28 

3.80 

4.28  4.65 

\S-00  5-27  S-52 

572 

S90 

6.04 

6.17 

Wire  Rope. 

r 

1    16,603 

'  0.R6 

1.93 

I.-73 

3.47  I4.11 14.70  Is-^o's-^^  6.08  6.46  678  [7,08  17.34  I7. 58 

i 
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(c)  (d) 

Block  with  Shackle 


(a)  (h) 

Block  with  Smvet  Hook 

STEEL  SHEAVE  BLOCKS  FOR  WIRE  ROPE 


^-Becket-' 


(e)  (F)  (g)  (hr 

Wooden  Sheave  Block  with  Becket    Snatch  Blocks  mm  Ho& 


[«>] 


0'} 


0'^ 


Ck) 


0) 


fall  Line Bau    Weighted  Sheave        Strap  Sheave  Blocks 
Block 

Fig,  3.    Blocks  for  Hoistikc. 


LIFTING  CAPACITY  OF  TACKLE. 


'hli^S' 


E 


BOO 


* 


I 


J  Wife  Rope 


4Psrd3 


fiK 


4Psrts     ^ 
Double  Ndi 


0  Parts    I 
Triple    XJ 


iParts    \ 
Qaadrvpf^K. 


yO^pie 
Sp9rts 
Quadruph 


I 


t 


wo 


BOO 


Singh 


r 


&ouhi^ 

4Psrbs 

Dauhie 


I 


QuBdrupfeQ:^ 
iParts    \ 


/OShgkC 
Single  \j 


y05 ingle 

4fbrts 

ihvble 


R 


/O^kle 
B  Psrts 

Triple     ^O 


\ 


/ChTriple 

SPsr6s 

Quadruple' 


\ 


IIP^tB      V 


S  Shesye 


syeX) 


Lift  Leadline 
Tons  Pu/i'Lhs- 


10 


20 


50 


40 


60 


Z400 


9,S00 


//,  700 


13,400 


16,600 


Rigging 
i'^mre  Rope 


Double 

IParts 

Single 


R\ 


y 


Triple 
5  Parts 
Doable 


R\ 


§ 


Quadruple  p ' 
7  Parts 
Triple 


fK 


/Oihubk 
3  Parts 
Double 


\\ 


/O^^ipleC 
7P^ts   \ 
Triple  ^'li 


Quadruple 


/06Shn¥*C 


Best  Crucible  Cast  Steel  Noist^ 
ing  Rope :  6  5tra/?ci,  19  IVires  to  $ 
Strand  an^  Hemp  Core* 

These  yalt/es  are  only  Por  tackle 
as  shoivn  *  /P  the  lead  line  Is  snatch^ 
ed  or  passes  o^er  aifditiona/ sheaves^ 
capacity  diminishes* 


L/FTim  Capacity  of  Tackle 

STEEL  SHELL  BLOCKS 
WITH  WIRE  ROPE 


Fig.  4. 
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-n 


Uft 


Rigging 


7o/?s 


Rl0flng 
ii  Msnils  Rope 


lift 
Tons 


Rigging 
Ij' Manila  Rop€ 


4 


Singh 


mgk 
Singh  \: 


10 


Tripim 
S/^rts  |\ 
DoMe    ^ 


DsOAmMQ 


^ouN€ 
3R^rt3 
5ingl€ 


O 


\ 


3^ 


6 


Spirts. 
5if}gh 


OsSif^eC 


Singii 


'^x: 


II 


Trrp/e 
7r/pie 


I   eM^s  \ 


ep^rts 
Tripie^ 


6 


4Psrt3 


ikrts 


Doubi4 


A 


Dot/Me 
Dotibie  C 


CKOn5%4pC 
1    4hrts    \ 


5fy)gk 
4^rts 


12 


Tr/p/e 

6P9rl:s 

Trip/e 


Doifi>ie 
4P$rts 


GK  0\Si/7^/a 
4P^rt3 


a 


0Ouhi€     Os, 

4P^rtA\ 
DQuhf4  O 


)0^ ingle  Q 
4hr^  \ 


15 


SParbs 
Qtf9&vp/t 


Triph     Qs 
SPsrtB  \ 
Triple      d 


Triple  ^ 


\ 


4P^rbs 


Singh  Q 
4P^r^  \ 


14 


SParts    I    S^r 


SParta 


UFb 
Tons 


20 


22 


24 


26 


28 


Rigging 
Z^ManiiaRope 


Tripie 
6  Parts 
Tripie 


O\^0i/kieQ 
e^rds   \ 


Tripie 
6  Parts 
Triple 


eParts    \ 
Tripie  N3 


QiaJrvpit^ 
S  Parts 
Qua^rupleX. 


Qu9drupieO\ 
8P9rts    \ 
Qusdruple 


0\7ripie 
Spirts 


\ 


Qui 


OQuadrupiC 

$P^rt^ 
QusdrupiK. 


l2''3locics  for  ii' Rope. 
Capacity  of  Biocics 

Single  m'tiiHook,  3  Tans* 

Doulfie  wititHoci(.  7  Tons- 

Tripie  mth  Hooi^,  8  Tons* 

Approximeteouii on  lead  line,  2  Tons* 

i4''Bioeics  for  if  Rope- 

Capacity  of  Bhd(s 

Single  mtiiHool^,  6  Tons* 
Dot/Ale  mtifNoo/c,  iO  Tons* 
Tripie  m'tif  iiooi(,  /?  Tons* 
Quadruph  m'th  Shacicie,  i4  Tons* 
Approximate  pinion  lead  line,  3  Tons* 
ZO'BlocRs  for  2" Rope. 
Capacity  of  Bioci^ 

Single  frith  Sifadde,  iS  Tons. 
DoMe  m'tit  Si^ac/ch,  22  Tons- 
Triple  tritir  Shecicie,  30  Tons- 
Quadruple  m'tif  Siiadcle,  33  Tons. 
Approximate  pull  on  lead  lafe,  3  TonS' 
Tiftse  values  are  only  for  tacicle  as  sifoivn'    If  iead 
line  Is  snatcifeo  or  passes  oyer  ad^thn^  sheaves^ 
capacity  diminisifes* 

LifTiNG  Capacity  of  Tackle 

WOODEN  SHEU  BLOCKS  WITH  MANILA  ROPE* 
Fig.  5. 
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Bciency  of  Tackle. — ^The  efficiency  of  rigging  as  calculated  from  tests  made  by  the  Ameri- 
idge  Company  is  given  in  Table  VII.  The  tables  may  be  used  in  calculating  the  loads 
in  be  lifted  by  tackle  as  follows: — 

ven  pull  in  lead  line,  to  find  load  lifted — Divide  the  pull  by  1.20  each  time  line  is  snatched 
les  over  sheaves  other  than  those  in  tackle  blocks;  multiply  quotient  by  ratio  of  load  to 
le  pull.  Table  VII,  and  the  result  is  the  load  lifted.  For  example,  lead  line  pull  of  engine 
00  lb.;  rigging  as  follows: — 2  snatch  blocks,  2  sheaves,  and  7  parts  of  i^  in.  line  in  main 


10,000 


Then  Load  lifted      , 

(1.20) 

lead  line,  reverse  above  operation. 


-  X  4.89  -  23,600  lb.     If  load  to  be  lifted  is  given,  to  find 

I* 


TABLE  VIII. 
Data  on  Chains.    American  Bridge  Company. 


'    Weight 

Outdde 

Outside 

Proof  Test 

Ultimate 

Working 

Working 

of       per  Foot 

Lengths  of 

Width  of 

in  Lb 

Strength  in 

Load  hi  Lb. 

Load  in  Lb. 

a. 

in  Lb. 

Link!  in  In. 

Lb. 

Factor  of  3. 

Factor  of  4- 

2.5 

2| 

,{ 

7,700 

15,000 

5,000 

3,800 

^10 
6.70 

3, 

2! 

12,000 

23,000 

7,600 

S,700 

3i 

17,000 

33,000 

11,000 

8,200 

8.37 

4 

22,000 

43,000 

14,300 

10,700 

10.5a 

4f 

29,000 

56,000 

18,600 

14,000 

1362 

5 

37,000 

71,000 

23,600 

17,700 

16.00 

5 

46,000 

88,000 

29,300 

22,000 

19.25 

6| 

SS,ooo 

106,000 

35,300 

26,500 

23.00 

7, 

66,000 

126,000 

42,000 

31,500 

28.00 

7i 

74,000 

141,000 

47,000 

35,200 

Bf  S*  iff  -S^  D*  /^L     •  /^^ 

/' , ... — ^  ^lff\ 

Totd/  IVe/^hd  oFCh3in  «  L'C6'^0)  -f-  Ih7  ^"""^ 

^  Hook  ^3  i  Hook  Chdfn 

:< ir  __ — ^ 

Tot9/  IVe/^hd  oFChdin  «  L'(6-^0)  -''^4,4 

Hook  ^3       ^ '  ^""(^^"^  ^'^^^^  ^-"^ 

u //,__^/,.r ^• 

Tot3/  tyel^hd  oF Chg/n"  L' (e'^0)^f■48'5  Hook^3 

(/5U9t Length  oF  U  is  8  Feet- 

Fig.  6.    Chains. 
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Ce 


iP/Kf  r  Hammer 


MH' 


Backing  Out  Punch      vj 
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^TF 
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l^^^" 


Handle  6ou6e 


t'El 
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2\ 
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/^ 
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S  Pound  Maul 


Pin  Maul 


5' to  8' 


'=! 


/7\ 
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Fig.  7.    Tools  for  Steel  Erection.    American  Bridge  Company. 
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Ccwf  r/oscz 


.1* — ' 
Cutting 


=i./    i'SETCUPPESS 


j'serCuppEns 
4'8' 


Set  TRiMMEif 


Crow  Bah 


^^  K- 


5'<5r 


3c: 


*^aci 


3  1' 
2 


Claw  BM 


§'&^' Fork  Whenches 


■■«-     !    ^-i  Riwt 

.//       -Tool  Steel    ..-iV 


v 


»/»-*^ 


/^-U-ri-^i' 


Shackle  Bar 


fjfi'lWK  WHENCHES 


Fig.  8.    Tools  for  Steel  Erection.    American  Bridge  Company. 
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Fig.  9 
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w-^'-3/'       /Budta^BarA 


■PinC  /7apBo/eD 


1  i.[^ 


MWorJS"  ^ 


ifma  Dolly 


;v  » 


^6'oF i  Chain 


TapBoltD' 


r#^      i?^-z.       ^^'^  Z'' 


1 

1       **  , 

i   i 

I     nMok.2j_ 


I  I 

I' 


-♦k-- ---H 
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2'2i" 
< ---*i 


RING  DOLLY  WITH  DETAILS 


H'tfo/e  For  Tsp  Bolt 

HANDLE  B  • 


i''^i\ 


V9' 


i*>  yjy 


IZ 


i'^2ii\ 


~^~2'       *'vi' 


2'6' 


^^'^2"Dlm' 


Ping 


/i 


Small  Key  Wrench 
_5'g"_ 


v/' 


3     3 


TT 


li'^Rlng 
^'*2"Di3m. 


•2i'  '  •-2' 

Fig.  io.    Tools  for  Steel  Erection.    American  Bridge  Company. 
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,, ? aiF 

$  Set  Screw  J 

f  Holes,  2^'^.^ 


ft-?V" 


Wl 


^4   ij5 


RjvET  Clamp 


RmT  Clamp  Hook 


tfT-^ 


Old  Man 


f.   ^i-i 


BLACKSMITH'S    TOOLS 

4%      '-' 


i'**-^ 


iP/Cifr  Pitching  Tongs 


Rivet  5TKKIN6  Tonss 


i'. 


6f 


C0RPU6ATED  IRON  TOOLS 


I 


v-::k 


C0PRU6ATED  IRON  PuNCH 


':.i-^ 


tF 


CZ 


CORRUdATED  IRON  RiVET  SET 
I'2" 


^-7^ 
/i^ 


Corrugated  Iron  Dolly 
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f 
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? 


^ 
^ 
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Fig.  II.    Tools  for  Steel  Erection.    American  Bridge  Company. 
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I  Bar  Hook 
^2  "A      fRouruM 


.,3V    '-/i\3Vi 


<i?- 


ilia  /.~^^.  ^ 


12" Eye  Bar  Hook 
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1.       i'R/yet"^ 
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>y£4v^  /  Afytv  y%%?/r  Zyffi^T-  /  Bean  Hook 

h^  12.    Tools  for  Steel  Erection.    American  Bridge  Company. 
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ei'"'^'  oFli'dlam^jf- 

,if^  r^^     j,»n'  CARRYIN6  Hook 
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i'//o/ei 
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*,r/%^ ,,: ,. 


2'0' 


Steel  Wedge 


Oak  Wedge 


±21 


>¥* 


For  Double  Nut  Falsework 
5'  5'       i'    Bolts.L=6rip^5"-    i'      3' 

i    i  1 4  V I  , — ji    \For  single  Nut  Falsework    !  i— i  .      t 

r« \ --<-—-+)  U 

"Square  Nuts ''         Standard  Falsework  Bolts         Square  Head  &  Nut 


Fig.  13.    Tools  for  Steel  Erection.    American  Bridge  Company. 
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Ho/^  fhr  Hand/e  6y 
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l2'i 
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**^ 


vT 


StanuMO  DOUBLI  RAiL  JACK  Handle  <?• 

Fig.  14.    Tools  foe  Steel  Erection.    American  Bridge  Company. 
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CHi 


Chains. — Chains  should  be  made  of  the  best  grade  of  double  refined  iron,  and  si 
fabricated  with  great  care.  Details  of  a  f-in.  ring  chain;  a  i-in.  hook  chain,  and  of  a  } 
hook  chain,  as  made  for  the  American  Bridge  Company,  are  given  in  Fig.  6,  and  data  o 
are  given  in  Table  VI H. 

Jacks. — Hydraulic  and  power  lifting  jacks  of  the  necessary  capacity  should  be  provi 

Miscellaneous  Tools. — In  addition  to  the  standard  tools  required  by  bridge  carpeni 

by  the  blacksmiths  many  special  tools  are  required  by  structural  steel  erectors.    The  n 

portant  special  tools  required  in  steel  erection  as  used  by  the  American  Bridge  Comp 


/V-- 


r 


-SII=m: 


,1 


—  .-1 


—Ptff     ■■ 


z'-e' 


Steamboat  Jack 


\    7 


Terry  Old  Man 


/H'^. 


...i 


z'-e" 


Shear  for  Corrusateo  steel  Steamboat  ratchet 

Fig.  15.    Miscellaneous  Tools  for  Steel  Erection. 


given  in  Fig.  7  to  Fig.  14.  An  improved  "old  man"  as  used  by  Terry  and  Tench  is  shown 
15.  A  corrugated  rolling  shear,  and  a  steamboat  jack  and  a  steamboat  ratchet  are  also 
in  Fig.  15.  The  special  tools  used  by  the  Chicago  Bridge  and  Iron  Company  for  the  ero 
elevated  tanks  are  given  in  Fig.  16  and  Fig.  17. 

LIST  OF  TOOLS.— The  tools  required  for  any  job  will  depend  upon  the  size  of  th 
the  number  of  men  employed,  and  upon  local  conditions.  A  complete  list  of  the  tools  1 
commonly  used  by  structural  steel  erectors  is  given  in  Table  IX. 

Actual  lists  of  the  tools  used  for  the  erection  of  a  steel  railway  bridge,  a  steel  highway 
and  a  steel  mill  building  are  given  in  Table  X,  Table  XI,  and  Table  XII,  respectively. 
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A  FOR  Erbction  of  Elbvatbd  Tanks.    Chicago  Bridge  &  Iron  Company. 
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Fig.  17.    Tools  for  Erection  of  Elevated  Tanks.    Chicago  Bridge  &  Iron  CoMFAiit 
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TABLE  IX. 

List  of  Erection  Tools  for  Structural  Stbbl. 
American  Bridge  Company. 


Name. 


Name. 


R.  R.  Rails. 
H  in.  to  lA  ia. 

unches. 

(. 

ng- 


>wcr8. 
,nd  Tools. 

12,  14,  16,  18)  in.  Single. 
12,  14,  16,  18)  in.  Double. 
18,  20)  in.,  3  Sheave. 

12,  14,  16,  18,  20)  in.  (Snatch) 

4,  6)  Sheave,  Wire  Rope, 
id). 

es. 

Iter). 


s. 

,  I)  in.  Hook  &  Ring,  —  ft.  long, 
look  &  Ring,  —  ft.  long. 
,  I  in.,  two  rings,  —  ft.  long. 


ng- 


>n  Cutters, 
m  Dolly  Bars. 
'    Hammers. 
'    Punches. 


Corrugated  Iron  Rivet  Sets. 

"    Shears. 
Crabs,  Single  Gear  Iron  Frame  A — Flat. 
Crabs,  Double  Gear  Iron  Frame  A — Flat. 
Crabs,  Single  Gear  Wooden  Frame  A — Flat. 
Crabs,  Double  Gear  Wooden  Frame  A — Flat. 
Cutters,  Handle. 
Derricks. 
Derrick  Balls  Overhauling. 

Booms  (Steel). 

Booms  (Wood). 

Boom  Bands,  2  Links. 
Foot  Blocks. 
&  Mast  Angles. 
Bearing  Plates. 
Pins. 
Plates. 

Foot  Blocks. 

Goose  Necks. 

Gudgeon  Pins. 

Masts  (Steel). 

Masts  (Wood). 

Mast  Band. 

Mast  Band,  one  link. 

Mast  Seat. 

Round  Spiders. 

Long  Spiders,  Two  Guys. 
"       One  Guy. 
Diamond  Points. 
Dolly  Bars,  Bent. 

"     Club. 
"        "     Goose  Necks. 

"     Heel. 
"         "     Spring. 
"         "      Straight. 
Drawing  Knife. 
Drilling  Machine  (Portable). 
Drift  Pins  (A,  ii,  H,  H)  in.  diameter. 
Drills,  Flat. 
Drills  (Stone). 
Drills  (Twist). 
Engine  and  Boiler. 
Eye  Bolts. 
Files. 

Forges  (not  rivet). 
Gauges  (Track).  * 

Gin  poles  (Wood)  Gas  Pipe,  Shoes. 
Grind  Stone. 
Guy  Clamps. 
Guy  Rods. 
Guy  Wire. 

Hammers  (Chipping). 
Hand  Gouges. 
Handle  Gouges. 

Handles — Hammer,  Maul,  Axe,  Adze,  Pick. 
Hatchets. 

Hook  for  I  Beams — Large,  Medium,  Small. 
Hooks,  Cant. 
Hooks  for  Eye-Bars. 
Hooks.  Girder.    . 


A 
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Table  lX.^Coniinu€d. 


Name. 


Name. 


Hooks  for  Heavy  Chord. 
Hooks  for  holding  on. 
Hooks,  Scaffold. 

"        Stringer. 
"       Timber. 
Horse  Powers. 
Hose,  Air  Drill. 

"     Rubber. 

"     Steam. 

"     Bands. 

'*     Couplings. 
Jacks,  Hyar.--Capacity. 

"      Norton. 

"      Rail,  Double. 

"      Rail,  Single. 

"      Steamboat. 

"      Steamboat  Pull. 

"      Steamboat  Pushing. 

"      Screw. 

"      Track. 
Kettles,  Iron. 
Ladles. 
Lag  Screws. 
Ladders. 
Lanterns. 
Levels  (Spirit). 
Locks. 

Marking  Pot. 
Mattocks. 
Mauls,  Spike. 

Mauls,  Steel  (8,  9,  12,  16,  18,  20)  lb. 
Nails. 
Oars. 

Oar  Locks. 
Oil  Cans. 
Old  Man. 
Picks. 
Pike  Poles. 
Pile  Hammers. 
"    Driver  Leads. 
"    Rings. 
"    Ring  Hooks. 
Pins,  Cotter. 
Pipe  Cutters. 
Pipe,  Iron. 
.  Pipe  Tongs. 
Planes. 
Plumb  Bobs. 
Pneumatic  Bucker-up. 
Pneumatic  Hammer. 
Pump,  Boat,  Galvanized  Iron. 
Pump,  Centrifugal. 

"      Force. 

"      Steam. 
Punch,  Hydraulic. 
Punch,  Screw. 
Purchase  Rings. 
Rails  (Steel). 
Rail  Splice  Plates. 
Rail  Buggies. 
Rama, 
Ratchets. 


Reamers— tt,  H,  tt.  lA  in. 
Reamer  Handles. 
Rivet  Busters. 

"     Clamps. 

"     Clamp  Hooks. 

"     Forges. 

"     Gouges. 

"     Hammers. 

"     Sets  for — i,  t,  }.  J,  I,  in.  Rivcu  {¥. 

"     Sets  for — J,  f,  J,  I,  I,  in.  Rivets  ( 

ma  tic). 
Set  Cuppers. 
Set  Gouges,  Standard. 
Set  Rivet  Tongs. 
Set  Trimmers. 
Spikes. 
Rollers. 
Roofine  Sets. 

Rope,  Manila — },  i,  i},  i},  2  in. 
Rope  Lashing,  Manila. 
Rope  Slings,  Manila. 
Rope,  Wire  Hoisting. 
Saws,  Crosscut. 
Saws,  Hand. 
Saw  Frames,  Hack. 
Saws,  One  Man. 
Saw  Sets  (Crosscut). 
Screw  Drivers. 
Shackles. 
Sheaves, — in.  dia. 
Shovels. 

Squares  (Carpenter). 
Stock  and  Dies. 
Stoves. 
Sulphur  Pot. 
Tape  Lines. 
Tarpaulins. 
Timber  Buggies. 
Tool  Boxes. 

"     Steel,  Octagon. 

"     Steel,  Round. 

"     Steel,  Square. 
Traveler  Corner  Irons. 
Plates. 
Rods. 

Wheels,  Standard. 
Traveler  Wheels. 

Wheel  Boxes. 
Travelers  (Wood). 
Travelers  (Steel). 
Turnbuckle  Rods. 
Tuyere  Irons. 
Valves. 
Vises. 
Wagons. 

Wrenches,  Chain. 
Wrenches,  Fork — |,  |,  -A,  f,  in. 
Wrenches,  Key — large,  medium,  small. 
Wrenches,  Monkey. 
Wrenches,  S. 
Wrenches,  Stillson. 
Wedges.  


i 
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TABLE  X. 

1 

r  cm  Tools  for  Ehkction  of  Steel  Railroad  Bridge  Consisting  of  Several  75*ft. 

Plate         1 

GiftOERS,  K  i8o*FT.  Through  Span,  and  an  8o-] 

FT.  Vertical  Lift  Span,  Inter- 

1 

NATIONAL  Fails,  Mlvnesota.     Minneapolis  Steel  &  Machinery  Co. 

H||g^.  1                      Name  aod  Siie  of  Tool. 

Quantity. 

i                   Nanie  fiad  Sise  al  Tool. 

m 

Anger*-  Ship,  W  in. 

3 

Forges,  Complete. 

^ 

Aaz- 

3 

File^. 

I 

Axe,  ilind. 

2 

GoiigeSt  Hand* 

X 

AnviU. 

3 

Gouges,  Handle. 

1 

Ban,  Crr>w, 

3 

Hack  Saws  and  Blades. 

1 

Birr,  CUw. 

I 

Hammer,  7  lb. 

3 

Bats,  }  in. 

I 

Hammer,  Claw, 

I 

Box,  TooL 

2 

Hammers^  Blacksmith,  5  lb. 

3 

Braces. 

16 

Handles, 

1 

Rr,.f,r<   Wire. 

7 

Hooks,  Scaffold. 

i\nnt. 

I 

Hose,  Air,  J  in.,  700  ft. 

I 

cl.  Snatch,  lo  in. 

9 

Hose,  Water,  i  in.  X  50  ft- 

<; 

k,  SlccI^  Snatch,  12  in. 

4 

Jack,  Screw,  2J  in.  X  16  in. 

^ 

Ic.  Sfffl,  SnaTch,  Wire  Rope,  11  In. 

I 

Jack,  Track. 

t 

Rope,  12  in. 

2 

Jack,  Stone. 

: 

Rope,  14  in. 

I 

Jack,  Hydraulic,  15  ton. 

y%  in:  Rope,  16  in. 

2 

Lanterns. 

.  Wire  Rupe,  18  in. 

I 

Level. 

4 

,  - '         J,  Wire  Rope,  12  in. 

1 

Man,  Old. 

K,  Sieei,  Iriplc,  Wire  Rope,  12  in. 

4 

Punches,  Backing  Out. 

4 

k,  Wood,  Snatch,  lO  in. 

3 

PuncJics,  Screw  (Frame). 

»:,  Wood,  Snatch,  12  in. 

Pipe  Vise, 

t 

k   WVi-xl,  Single,  Tackle,  8  in. 

I 

Pick. 

% 

"        '           '  .  TiicUe,  10  in. 

12 

Drift  Pins,  i  in. 

t 

■:                                  ,  Tackle,  12  in. 

10 

Drift  Pins,  }  in, 

f, 

: ,  Tackle,  8  in. 

4 

Drift  Pins,  J  in. 

%  Tackle,  10  in. 

I 

Pail,  Water, 

2 

Ic,  Tackle,  12  in. 

2 

Ratchets. 

1 

k.  Wood,  Iriple,  Tackle,  12  in. 

I 

Receiver,  Air,  30  in.  X  60  in. 

1 

.      I,.  Wo'jd,  Triple,  Tackle,  14  in. 

1,400  ft. 

Rope,  Manila,  i  in,,  7  pieces. 

i 

Block.  Chain.  5  Ton. 

1,300  ft. 

Rope,  Manfla,  l\  in,,  5  pieces. 

CMc.  W'ire,  J  in- 

420  fi, 
b,yo  ft. 

Rope,  Manila,  2  in.,  1  piece. 

- 

':,  Wire,  1  in. 
.  Wire,  1  in.,  galvanized. 

Rope,  Manila,  2  in.,  I  piece. 

L 

275  ft. 

Rope,  Manila,  2  in.,  I  piece. 

^  ....liu,  M  in.,  23  ft.  long, 

565  ft. 

Rope,  Manila,  1  in.,  2  pieces. 

I 

Ch«m«,     in.,  14  ft.  long. 

4 

Rope,  Manila,  Lashings. 

X 

Chain*,      in.,  12  ft.  long. 

! 

Slock  and  Die^,  Blacksmith. 

C    rns,     in  ,  12  ft,  long. 

I 

Stock  and  Dies,  Pipe. 

I  ; 

L  i  V  up».  Cable,  )  in. 

6 

Snaps,  Rivet,  |  in. 
Snap<j,  Rivet,  ^  in. 

CUmpis,  Cable,  1  in. 
Clamp*,  Cable,     in. 

6 

4 

Snaps,  Rivet,  f  in. 

-  -.                        r» 

3 

Saws,  Cross  Cut. 

N^3SC. 

I 

4 
I 

Saws,  Hand. 
Shovels,  No,  a. 
Shovels,  Snow, 
Square. 

r,  Air« 

13 

Shackles 

' :  ton. 

2 
3 

Trucks,  Dolly. 
Tong?,  Blacksmith. 

cck. 

4 
7 

Tongs,  Heater 
Wrenches,  Bndgc  }  in. 

6 

Wrenches,  Bridge  |  in. 

2 
I 

Wrenches,  Monkey 
He?.vy  Traveler,  12  ton  . 

•T.  Uln^ 

4 

Rollers,  10  m.  and  12  in. 

!  in 

5 

Pneumatic  riveting  guns. 

'  t  in. 

2 

28  in  TumbuckVta. 

\    1 

/ 

2 

Stoves. 

\   1 

^7      , 

J  in.  X  8  Ttv,  StcpWu. 

Jv 

ti 

^^_ 

ij 
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TABLE  XL 

List  of  Tools  for  the  Erection  of  8o-ft.  Span  Highway  Bridge. 

Minneapolis  Steel  &  Machinery  Co. 


Quan- 
tity. 

2 

Name  and  Si»e  of  Tool. 

Quan- 
Uty. 

Name  and  Size  of  Tool. 

Axes. 

I 

Man,  Old. 

2 

Axes,  Hand. 

4 

Punches,  Backing  out. 

Bits,  I  in.,  2  in.,  i  in. 

I 

Pick. 

Buster. 

I 

Pump. 

Box,  Tool. 

4 

Pins,  Drift.  J  in. 
Pins,  Drift,  1  in. 

Brace. 

6 

Brush,  Paint. 

2 

Pails,  Water. 

Blocks,  10  in. 

2 

Pile  Driver  Leads. 

Block,  Single  Tackle,  8  in. 

I 

Pile  Driver  Hammer. 

Block,  Single  Tackle,  lO  in. 

I 

Pile  Driver  Head  Block. 

Blocks,  Double  Tackle,  8  in. 

I 

Pile  Driver  Nipper 

Chain,  i  in.,  8  ft.  long. 
Chain,  |  in.,  7  ft.  long. 

I 

Ratchet. 

124  ft. 

Rope,  Manila,  1}  in. 

Clamp,  Rivet. 
Chisel,  Hand. 

67s  ft. 

Rope,  Manila,  i  in.,  5  pieces. 

2 

Lashings,  15  ft. 

Stock  and  Dies,  Blacksmith. 

Dolly,  Timber. 

I 

Drills,  Twist,  a  in. 

I 

Saw,  Crosscut. 

Files. 

I 

Saw,  Hand. 

Gouges,  Handle. 

5 

Shovels,  Short  Handle 

Hacksaw  and  Blades. 

I 

Shovels,  Long  Handle. 

Hammers,  7  lb. 

I 

Square. 

Wrench,  Bridge,  f  in. 

Hammers,  Claw. 

I 

Hammer,  Machine. 

6 

Wrench,  Bridge,      in. 

Handles,  30  in. 

2 

Wrench,  Bridge,  J  in. 

Jack  Screw,  12  in. 
Level. 

I 

Wrench,  Stillson,  10  in. 

I 

Wrench,  Monkey,  12  in. 

4 

Wheel  Barrows. 

ERECTION  OF  TRUSS  BRIDGES.— Truss  bridge  spans  are  usually  erected  on  falseworL 
The  truss  may  be  erected  by  means  of  a  traveler  or  a  derrick  traveler  or  a  derrick  car.  The  usual 
procedure  where  a  traveler  is  used  will  be  briefly  described.  After  the  falsework  and  traveler  are 
ready,  lay  out  the  center  lines  of  the  trusses  on  the  falsework  and  locate  the  positions  of  the  pand 
points.  At  each  panel  point  place  the  necessary  blocking  for  camber.  Then  beginning  at  tk 
fixed  end  place  the  pedestals  in  position  and  place  the  lower  chords  and  the  floorbeams  and  stringa*: 
in  position  and  distribute  the  pins.  If  the  floorbeams  and  stringers  will  be  in  the  way  the>'  m 
not  placed  until  they  are  needed.  The  traveler  is  run  to  the  center  of  the  bridge  and  the  center 
panel  on  each  side  is  erected.  The  upper  chord  section  is  hoisted  and  held  a  little  above  its  finil 
position;  the  f>osts  are  raised,  the  diagonals  are  put  in  place  and  the  pins  are  driven,  or  witha 
riveted  truss  the  joints  are  field  bolted  in  about  50  per  cent  of  the  holes.  The  panel  on  the  opfth 
site  side  is  then  erected  and  the  top  lateral  struts  and  bracing  are  put  in  place,  the  floorbeams  aii 
stringers  are  connected  up  and  the  lower  laterals  are  put  in  place,  so  that  the  center  tower  is  fuflf 
braced.  Great  care  must  be  used  in  erecting  the  middle  tower  to  see  that  it  is  in  exactly  the 
proper  place.  After  the  center  panel  is  complete  the  traveler  is  moved  toward  the  fixed  endi 
erecting  the  trusses  one  panel  at  a  time.  The  traveler  is  then  run  back  to  the  center  and  the 
roller  end  of  the  trusses  are  erected.  After  the  span  is  all  connected  up  and  all  connections  aie 
properly  bolted  up,  the  blocking  is  knocked  out  and  the  bridge  is  swung  clear.  The  details « 
erection  vary  with  the  type  of  truss  and  local  conditions  and  the  above  description  is  intended  ti 
merely  give  an  idea  of  the  procedure.  Truss  bridges  may  also  be  erected  by  starting  t« 
traveler  at  the  fixed  end. 

Where  a  derrick  car  or  a  derrick  traveler  is  used  the  erection  is  commonly  started  at  tfc 
fixed  end. 


\ 


RIVETlNa 


TABLE  XIL 

Pools  for  the  Erection  of  a  Steel  Mill  BtnLDiNG  60  ft.  by  150  ft*  with 
iATuD  Steel  Covering;  45  Tons  Steel,  7  Toks  Corucgated  Steel, 
Mjkxeapolis  Steel  &  Machinery  Co, 


Naiae  aiul  Sice  of  Tool. 

Quantity. 

Name  and  See  of  Tool. 

A«r,  Hand, 

Forge,  Complete. 

Ban,  CroK*. 

Gin  Pole. 

Hxn^  Connecting. 

Gouges,  Handle. 

Box,  Tool, 

Hack  Saw  and  Blades. 

Braces. 

Hammer,  Cla\p. 

Bruihc^,  Paint. 

Hammer,  Machine* 

B]«x:I,  Steely  Single,  Wire  Ropc« 

Handles,  30  in. 

10  to. 

Man,  Old. 

Block.  Steel,  Double,  Wire  Rope, 

Punches,  Backing  out. 

to  in. 

6 

Punches,  Corrugated. 

Blocks  Wood  Snatch,  10  in. 

20 

Pins,  Drift,  |  in. 

Blcxk^  Wood,  Single  Tackle.  8  in. 

10 

Pins,  Drift,  J  in. 

Bbck.  Wood,  Double  Tackle.  8  in. 

I 

Ratchet. 

Cable,  1  in.,  3  pieces. 

1,100   ft, 

Rope,  Manila,  J  in.,  8  pieces. 

Chain,  {  in.,  3  ft.  long. 

Rope,  Manila^  Lashings. 

Chain,  4  in.,  8  ft.  lonK. 
Chain,  1  in.,  9  ft,  long. 

Stock  and  Dies,  Blacksmith. 

Snaps,  Rivet,  j  in. 

Clamps,  Cable,  |  in. 
CUmpf,  Cable*  |  in. 

Saw,  Hand, 

Square. 

Oamp«,  Rivet. 
ChiaeU. 

Shackles. 

Snips,  Corrugated. 

Cutters. 

Tongs,  Bbcksmith. 

Crab,  SmilL 

Tongs,  Healer. 

n-       '       '.^r. 

Tongs,  Pick-up. 

D                    Neck.  1  in. 

Vise,  Machinist. 

D                    It,  i  in. 

i; 

W^rcnches,  Bridge, 

in. 

10 

W*renches,  Bridge, 

in.                   ' 

D                     ^aicd  Steel. 

S 

WrcnchcB,  Bridge, 

in. 

D                       in. 

I 

Wrenches,  Bridge, 

in. 

Di r  .     -.1,  Hin. 

1       - 

Wrenches,  Monkey.                          ' 

ting  the  Municipal  Bridge  over  the  Mississippi  River  at  St,  Louis,  sand  boxc^  were 
itbcr  blocking  in  the  pUce  of  the  usual  timber  camber  blocking. 

of  pins  should  be  protected  by  pilot  nuts  and  pilot  points  when  driving.     Details 
pilot  nau  arc  given  in  Table  99,  Part  J  I,  and  of  standard  pilotpoints  in  Table  loo. 


1?G. — Field  rivets  may  be  driven  by  hand  or  with  pneumatic  riveters.  Before 
e  rivrth  the  parts  lo  be  riveted  must  be  drawn  up  by  means  of  erection  bolts  so  that  the 
tiily  matched  and  the  surfaces  of  the  metal  are  so  close  together  that  the  metal  from  the 
not  flow  out  between  the  plates.  The  holes  are  brought  in  line  and  matched  by  the  use 
I,  Fig.  7  ami  Fig,  17;  care  should  be  used  not  to  injure  the  metal  with  the  drift  pin. 
will  not  match  they  should  be  reamed.  A  gang  for  hand  riveting^ consists  of  four 
M  rtwrt  heiiTer,  (2)  a  bucker-up,  (3)  a  rivet  driver,  and  (4)  a  man  to  catch  and  enter  the 
III  to  hold  the  rivet  set  (snap).  The  hot  rivet  is  thrown  by  the  rivet 
ngs.Fig.  itr  the  rivet  is  caught  in  a  bucket  or  keg  and  is  put  into  the 
'ing  tongs,  Fig,  if.  The  rivet  is  then  bucked-up  with  a  dolly,  Fig.  9 
j.i  rivet  hammer.  Fig.  7.  After  the  rivet  is  upset  to  fill  the  hole  a  rivet 
Fig.  7»  u  held  over  the  upset  rivet  and  a  few  blows  with  the  riveting  hammer  completes 
Pldd  rivetf  arr  ordered  with  enough  stock  to  furnish  metal  to  fill  the  hole  and  Xc* 
rivLt  hc^.     If  the  rivet  is  too  short,  either  the  hole  will  not  be  hUed  or  the  w^t 
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head  will  be  imperfect.  If  the  rivet  is  too  long  the  rivet  set  (snap)  will  force  the  metal  out  tuida 
the  edge  of  the  rivet  set  (snap)  making  a  bad  looking  job.  The  rivet  should  be  heated  uniforah 
so  that  it  will  be  upset  for  its  entire  length.     Riveters  prefer  to  use  rivets  with  scant  stock  so  th^ 


^F^f Lines  j^Ouy  Line    f^Fall Lines  ;6uy Line  6Ui-""'''''--Ti 

cv'        A  \  ^.    V  A  \    I         /  \1   5^    Lines'  w      \\    <2  • 


7  Hook^  \  ! 


Hook-' 


_L..-.-..-... 


^^-iO'CasPipe 


<^ 


6/N  Pole,  8  Tons 


SNEAP  L£6S 


1^"  Maniia  or 


4^"tvire  line^ 


6UY  DERiiICK 


.^/ 


■Front  5///  <^/;IZ'- 


-4(y\ 


\/ 


^^^i  front  Le^..^   j^ 


?^ 


Eievdtion  Section  3-3 

yC  Derrick,  3  Tons 

fi}  'Maniia  or  ^  "m're  iine 


Eie^ation      '^^'^^"'-'-' Pian 
Stiff  Leg  Derrick^    i2  Tons 
rJ^^^Maniid  or^'ivins  line 


2'S'^i6'-^: 


Eievation  Section  A-A 

VJAPUCT  TRA/ELER,  I^EVOLVING  MASTS 

i2  Tons 


';U--so'0''-'-^  ^-dO'O-^ 

Elevation     Section  A-A 

Boom 'Traveler  with  Fixed  Masts 

i2  Tons 


Fig.  1 8.    Derricks  and  Travelers. 

the  rivet  can  be  upset  and  a  perfect  head  formed  with  little  labor.  To  drive  a  rivet  properiyA 
rivet  should  be  upset  by  striking  it  squarely  on  the  end,  as  side  blows  will  upset  the  rivet  withfii 
hWiTxg  the  hole. 
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ed  air  is  available  a  pneumatic  field  riveter  is  used  for  driving  rivets.     Pneu- 
k  are  of  two  types:  (a)  jaw  riveters  thai  buck-up  the  rivet  and  farm  the  head  as 
b;  and  (6)  a  pneumatic  gun  that  is  held  against  the  rivet  by  the  riveter,  the  rivet 
f  buckcd-up  with  a  dolly  as  in  hand  riveting  or  with  a  pneumatic  dolly*     The  pneumatic  gun 


fGay  Lmes, 


6ur  DERRiCK 


fFaJl  Lfnes  or 
Hoisting  Lines 


Boom  Line3%  ^^Roosber 

-Guy  Lines 

''Boom  Lines 


^,^'Buiimeei 
Gay  DBRRiCK  WITH  Bull  m^EL 


^^Boom  Lines 


'Buil  mee/ 


L£6  Derrick  mrn  Bull  Wheel 


Mast 


fali  Lines  or 
^Hoisting  Lines ' 


Bull  Wheel 


Fig,  19.    Details  of  Derricks, 

cunvimtVnt  anti  is  commonly  used.     A  rivet  snap  is  used  in  the  air  gun.     Good  rivets  can 
by  luind,  but  the  work  of  the  pneumatic  rivuter  is  more  uniform  and  most  specttications 
'•'>    "f  ftnjrtural  aii*el   call   for  its   use.     Several   railroad   bridge  specifications  now 
id  driven  field  rivets  be  calculated  for  only  four*fiftha  of  the  allowable  stresses  on 
^  ! !  n%Yt6.     While  more  rivets  can  be  driven  with  an  air  gun  than  by  hand,  the 
I  fa*-  r  makes  the  cojt  of  driving  nearly  the  same  as  for  hand  drivutv  nvv^s. 
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Dollys  for  bucking-up  rivets  are  made  in  many  forms  to  suit  the  different  cond 
Straight,  goose-neck,  bent,  heel  and  club  doUys  are  shown  in  Fig.  9,  a  ring  dolly  is  shown  i 
10,  and  a  corrugated  iron  dolly  in  Fig.  11.  Dollys  for  use  in  erecting  elevated  tanks  are 
in  Fig.  16,  and  include  the  bar  dolly,  the  heel  dolly,  the  combination  dolly,  and  the  spring 

DERRICKS  AND  TRAVELERS.— Derricks  and  travelers  are  made  in  many  different 
A  few  of  the  more  common  forms  will  be  described. 


\c^'/0%    Z-9''l?^^L9teralTiesli''° 


SjTons  ^ 


r" 


15  Tor, 


Eleyabion 


Steel  Viaduct  TkAVELER 


■^'^'^  X'9'0' 


Cross  Section  /^-//  'Manih 
7-24'' Sheaves-^    pr:'^S!^^\  rS-ZO'Shesm 


IT      I  ; 

510 -^  Cross  Section 

Elevation  • 

Steel  Derrick  Car 

Fig.  20.    Details  of  a  Viaduct  Traveler  and  a  Steel  Derrick  Car. 

Gin  Pole. — A  gin  pole,  Fig.  18,  is  a  timber  or  steel  mast  with  four  guys  and  a  block  ^ 
top  through  which  the  hoist  line  leads  to  a  crab  bolted  near  the  bottom,  or  the  hoist  line 
run  to  the  hoisting  engine.  The  foot  of  a  gin  pole  is  supported  by  timbers  which  are  shifted 
bars  or  on  rollers.  The  gin  pole  should  not  be  inclined  more  than  a  few  degrees  from  the  vei 
and  care  must  be  used  to  prevent  the  bottom  from  kicking  out  with  heavy  loads.  Gin 
may  be  made  of  timber,  gas  pipe,  or  may  be  built  structural  steel  masts.  Gin  poles  ar 
commonly  made  longer  than  40  to  60  ft.,  but  a  trussed  gin  f)ole  120  ft.  long  has  been  use 
erecting  elevated  towers.  The  mast  of  a  gin  pole  may  be  built  up  so  that  only  two  guy 
necessary,  resulting  in  "  shear  legs  "  as  in  Fig.  18. 

Each  guy  is  fastened  at  its  lower  end  to  a  "deadman"  (a  timber,  or  log,  or  beam  buri 
the  ground). 
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Guy  Derricks. — ^A  guy  derrick,  Fig.  i8  and  Fig.  19,  has  a  vertical  mast  guyed  with  three  or 
more  guy  lines,  and  has  a  boom  which  carries  blocks  and  a  fall  line  on  the  upper  end.  The  boom 
is  raised  and  lowered  with  rigging  called  "topping  lines''  or  "boom  lines."  The  load  is  nitd 
by  rigging  called  "fall  lines"  or  "falls."  The  hoisting  line  may  be  run  down  the  boom  to  a  cak 
or  to  the  hoisting  engine,  or  the  hoisting  line  may  be  run  through  a  "rooster"  placed  on  top  of  tk 
mast  and  then  to  the  hoisting  engine.  Guy  derricks  may  be  swung  in  a  full  circle,  either  by  haul 
or  by  means  of  a  bull  wheel  operated  by  a  line  from  the  hoisting  engine. 

"A"  Derrick.— The  "A"  derrick  or  " Jinniwink"  derrick  is  shown  in  Fig.  18.  "A"  derrida 
are  used  for  light  hoisting  up  to  three  to  five  tons.  The  "A"  derrick  is  a  simple  form  of  the  stif* 
leg  derrick. 

Stiff-Leg  Derrick. — ^The  stiff-leg  derrick  has  a  mast  braced  by  "A"  frames  set  at  right  angiei 
to  each  other,  Fig.  18  and  Fig.  19.  The  loads  may  be  lifted  and  the  boom  raised  and  laweai 
by  means  of  a  crab  or  by  a  hoisting  engine.  The  stiff-leg  derrick  has  a  free  swing  of  about  24O 
degrees.  The  mast  may  be  turned  by  hand  or  by  means  of  a  bull  wheel  operated  by  a  line  from  tke 
hoisting  engine.  Details  of  a  12-ton  timber  stiff-leg  derrick  are  shown  in  Fig.  21.  Stiff-k| 
derricks  of  large  capacity  are  now  commonly  made  of  structural  steel.  I>etails  of  a  steel  stiff-k| 
derrick  are  given  in  Fig.  29. 


H"-:?'^— h- 


-i/'-^^- 


r^m^&ff^^f^t  with  ljhtrcs0:t 


?^^^ 


■mich6 


dAJe  m 


',.  to  c.  dfrckry " ' 

Fig.  22.     Details  of  a  Gallows  Frame.    American  Bridge  Company. 

Boom  Travelers. — The  mast  of  a  derrick  may  be  supported  by  the  framework  of  a  traveler, 
Fig.  18.  The  traveler  may  be  made  one  or  several  stories  in  height.  The  booms  may  swing* 
may  be  fixed  to  raise  and  lower  in  one  plane,  and  may  be  used  single  or  in  pairs.  Boom  travelen 
are  commonly  used  in  erecting  train  sheds,  and  structural  steel  buildings.  Details  of  a  steel  boom 
traveler  are  given  in  Fig.  28  and  Fig.  29. 

Viaduct  Travelers. — An  overhang  traveler  for  erecting  a  high  steel  viaduct  is  shown  in  Fig.  2a 

Gallows  Frame. — A  gallows  frame  or  a  transverse  bent  as  shown  in  Fig.  22,  is  used  for  erectiflg 
plate  or  riveted  girders.  The  gallows  frame  is  guyed  fore  and  aft  with  steel  cables.  Gallo*^ 
frames  are  commonly  used  in  pairs  or  a  gallows  frame  is  used  with  a  stiff-leg  derrick. 

Through  or  Gantry  Travelers.— A  through  or  gantry  traveler  consists  of  two  or  three  traflfr 
verse  bents  or  "gallows  frames"  braced  longitudinally  and  is  carried  on  a  track  supported  00  th 
falsework  and  placed  outside  of  the  trusses.     The  traveler  has  a  clearance  such  that  it  can  be 
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^"                          Bill  of  Timber  in  Traveler,  Fig.  24. 

1 

1  Sod*    LcQKth« 

j^Q    Cross  Sec-    Length, 

1 

C  12 

File 

4 

tioii»  In. 

Ft-ln. 

1 

zS-o 

Hoisting  beams. 

4X8 

6X  12 

18-0 

Platform  cut  to  9  if. 

C  12 

38-^ 

LongiludiiiaL 

4 

38-0 

Sills. 

1 

<l6 

u-o 

Caps. 

2 

8  X  12 

32-0 

Sheave  beams. 

1 

<    8 

24-0 

Chord. 

fO 

4X8 

36-0 

Longitudinals, 

<  10 

30-0 

Lcg8, 

4 

6X    8 

36-0 

Platform. 

(  to 

24-0 

Legs. 

to 

3X    8 

3e)-o 

Platform  plank. 

<    9 

32-0 

Legs  batter. 

1 

6X  10 

20-0 

Blocks  cut  to  2  ft. 

<  s 

22-0 

Leg*. 

4 

6  X  10 

28-0 

Side  braces. 

C    8 

26-0 

Web  bracei. 

4 

6  X  10 

30-0 

Side  braces. 

X    8 

16-0 

Web  braces. 

2 

4X    6 

16-0 

Fillers  cut  to  8  fL                  ; 

3  X    8 

14-0 

Web  braces. 

z 

Ix    6 

14-0 

Fillers. 

t2HD 

Web  braces. 

I 

3  X   8  ; 

12-0 

Leg  brace. 
Fillers  cut  to  2  ft. 

be    8 

20-0 

Web  bracei  cut  to  10  ft. 

2 

6  X  12 

i6~o 

Be  8 

ift-o 

Leg  braces  cut  to  g  ft. 

2 

8  X  10 

16-0 

Trucks  cut  to  8  in.  X  9  in. 

B(  % 

3<^-0 

Leg  braces  cut  to  10  ft. 

X4ft. 

Be  8 

12-0 

Leg  braces  cut  to  6  ft. 

1 

IX    6 

16-0 

Fillers. 

J  X    8 

18-0 

Leg  braces  platform. 

4 

3  X    8 

20H3 

Chord  cut  to  10  ft. 

|X  10 

12-0 

I^g  splices  cut  to  6  ft- 

2 

3X8 

22-0 

Leg  brace  cut  to  ft  ft. 

(    8 

t2-0 

Lcg  splices  cut  to  6  ft. 

t 

3X    8 

18-0 

Leg  brace  cut  to  4  ft.  6  in. 
Sliding  beam. 

<    ^ 

ti^ 

Leg  splices  cut  to  6  ft. 

4 

zX    4 

38-0 

TABLE  XIV,                                                         TABLE  XV, 

OF  BoLT5»  tsj  Traveler*  Fig.  24.              Bill  of  Irons  is  Traveler,  Fig.  24. 

I  DU 

kioetcr,  la.  j  Length,  Ft- In. 

No. 

Name. 

Dimensioiu. 

J 

1-10 

10 

Sheave  Chocks,  r , . 

loj  in.  Block  Sheave. 

^            ' 

I-  8 

4 

Bent  Bars,  ...,,., 

3  in.  X  1  in.  X  2  ft.  9  in. 
3  in.  X  t  in.  X  3  ft,  5  in. 
3  in.  X  i  in.  X  2  ft.  0  in. 

I-  6 

4 
2 

Bent  Bart 

^-  4 

Bent  Bars.. 

I-  2 

2 

Bent  Bars. 

3  in.  X  i  in,  X  2  ft,  0  in. 

i 

t-  0 

16 

Scabs.,..,,...,.. 

3  in,  X  t  in,  X  1  ft.  10  in. 

it  in.  diameter  X  9  ft.  2  in 
14  in,  diameter,  3  m.  shaft. 

o-io 

8 

Rods 

'1 

0-  8 

4 

Traveler  WhccU... 

2-  0 
K"  4 

8 

2 

Wheel  Boxes 
Rod*. ..... 

ij  in.  diameter  X  6  ft,  6  in. 
ij  in.  diameter  X  3  ft.  6  in. 

2 

R( 

3d. 1 

the  completed  bridge  or  structure.     Travelers  may  be  made  of  timber  tir  structural  steel. 

^IdJis  for  four  standard  timlwr  travelers  designed  by  the  American  Bridge  Company  are 

^g-  2$t  while  the  detail  plan.^  for  traveler  No.  i  are  given  in  Fig.  24.     The  bill  of  lumber 

u  Ho.  I  is  given  in  Table  XllI^  the  bill  of  bolts  is  given  in  Table  XIV,  and  the  bill  of 

Tiiblr  XV,     Traveller  No.  I  may  be  used  for  single  track  railway  spans  up  to  250  ft,; 

Ko.  3  for  single  tmck  spans  up  to  175  ft.;  traveler  No.  2  for  double  track  spans  up  to 

md  tnivd«  No,  4  for  double  track  spans  up  to  250  ft. 

Icfc  Cirs. — ^Dcrrick  cars  with  a  capacity  up  to  75  tons  are  in  common  use.     The  derrick 

ItsuAlly  W'lf-contained  and  can  move  under  their  own  power.     The  boom  can  be  folded 

r  the  car  out  of  the  way  when  not  in  use.     A  sketch  of  a  derrick  car  is  shown  in  Fig.  20. 

SEMORBL — Falsework  for  the  erec*tion  of  bridges  is  built  up  of  bents  made  of  three  or 

fs  or  pilrai,  bratx:d  transversely  in  the  same  manner  as  for  permanent  trestles.     Framed 

Mnnioa  mudsills,  or  on  piles  where  the  foundation  is  inadequate  or  where  the  false- 

^^^^HWaicr,     Where  piles  can  not  be  driven  in  running  water  or  where  there  U  daivj^it 
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Safe  loads 
for  2400 /bs^ 
Fiber  stress, 
15,000  lbs- 9t      ^ 
poinbs  /,  2,3,  4,      ^ 
3  or  6fnotapp//ed  ^ 
sfmu/baneously^  » 

Traveler  ivheel       i  ^ 
figured  for 30,000 


e) 
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pounds  • 
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2 

5 


rS'^^/e" 
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fiber  stressy 

25,000  Ibs-at 

points  I  or  2  and 

2a000/bS'at 

paints  3,4,5  or  6, 

not  applied  simvh 

taneousiy* 

Tr^ye/er  iHie^ 
fjfifred  for  30,000 
pounds- 


^j'-/2''x/4' 
'/2''»/4'' 


1/ 


,^'12'*  14' 


A  TRAyELaN?2 


--24*0"--* 

'fUiOSS  S£CTIOn\ 


//^5-r*'V 


V"/'3''xS'' 

Safe  load  for 
2200  lbs- fiber 
stress,  15,000 
at  points  1,2  or 
4,  10,000  lbs- 
at  points  5,  and 
30,000  lbs- &t 
point  3  •    Loads 
applied  simultan- 
eousiy  only  ^t 
.        poinbs  number- 
^   ed  alike 

Traveler 
wheel  is  . 
figured  Iw" 
30,000  lbs* 


47i^r<sy^9'5'^  ^3  Wl$^ 


PLAN 
7)iAV£L£R  N-93 


2-3'^8'' 

-i-e'^s" 

Safe  loads  for 
fiber  stress  cf 
2200  lbs-, 
15,000  lbs- at 
points  I,  25,000 
Ibs'  at  points  2. 
3,4  or 5'   Loads 
applied  simultda" 
eously  only  at 
points  numbered aSh 
^^^      Traveler 


5       ^  -^^Ireelis 

^  fibred  for 

30,000lbs* 


PLAN 
TPAVELER  NS4 


Fig.  23.    Standard  Timber  Travelers.    American  Bridge  Company. 
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of  flood,  it  may  be  necessary  to  use  spread  footings  which  are  anchored  in  place.  Where  it  ii 
practicable  to  obtain  piles  of  sufficient  length  they  may  be  used  for  the  full  height  of  the  falseiracL 
The  timber  used  in  building  falsework  should  be  sound,  strong,  free  from  defects  that  will  affect 
its  strength  or  interfere  with  its  use.  Since  the  structure  is  temporary,  durability  is  not 
important  element  in  selecting  timber  for  falsework  unless  it  is  to  be  used  several  times. 

For  examples  of  timber  trestles,  see  Chapter  VII. 

Plans  of  typical  four-legged  falsework  as  used  by  the  American  Bridge  Company  are  shovi 
in  Fig.  25.  When  trains  are  to  be  carried  and  2-8  in.  X  16  in.  stringers  are  used  under  each  nl, 
bents  must  not  be  spaced  over  18  ft.  centers  for  the  falsework  as  shown. 


^  t4rV  ftoiTraveler- Constant  _^ 


rm\ 


-Dotted  fines  denote  »ill  to  be  used  when  necessaq^ 


^Dotted lines  denote  sfffto  be  used  when  necesiar/ 
The  average  maximum  /enqthoTie^  ooi  toexceea'300. 
8  a/6  stringers  are  to  be  ordered  either  26-0'or5l-f 
to  suit  conditions. 

Thii  type  of  False  work  is  designed  for  heavy  sm^t 
tr^cfc  spans  when  trains  are  not  carried  and  for 
single  track  spans  ijplo  250  'when  trains  are  csrkd. 


fllimCfltiBRIP6E:  COMF/iNY 

ofnewyork 


Fig.  25. 


Piles. — Timber  piles  may  be  driven  with  a  drop  hammer,  Fig.  26,  or  with  a  steam  hammet- 
A  spool  roller  pile  driver  with  a  drop  hammer  is  shown  in  Fig.  26.  The  hammer  is  raised  to  the 
top  of  the  leads  by  the  hoisting  engine;  the  hammer  is  then  permitted  to  fall  on  the  top  of  tb« 
pile,  dragging  the  hoisting  rope  down  with  it.  The  force  of  the  blow  of  the  hammer  depeo<is 
upon  the  weight  of  the  hammer,  the  height  of  free  fall,  and  the  resistance  of  the  hammer  in  tl» 
leads.  By  catching  the  hammer  as  it  descends  the  operator  can  cushion  the  blow  so  that  the  s^ 
bearing  power  of  a  pile  as  calculated  from  the  penetration  may  be  very  misleading. 

Details  of  a  pile  driver  arc  given  In  Fig.  27. 
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The  safe  load  on  piles  may  be  calculated  by  the  Engineering  News  formula 

re  P  =  safe  load  on  the  pile  in  tons; 
W  =  weight  of  hammer  in  tons; 
h  =  height  of  free  fall  of  hammer  in  ft. ; 
s  =»  average  penetration  of  the  pile  for  last  six  blows. 


Pi/e  <f  Hammer  Imes^^ 


(I) 


^K'!^i,-^oJ!e^ 


^9//"^   K -^^-^- ^  ^Center  Sear 


Spool  RouBk  Driver 

Fig.  26. 


ORPiNARY  Track  Pae  Drivcr 
Types  of  Pile  Drivers. 


ffmmtf  t**ds'X 


Standard  4B*0' 
LAND  Pili  Dr/vfr 
American  Bridge  Co- 


Fig.  27.    Details  of  Standard  Pile  Driver. 
American  Bridge  Company. 
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STEEL  BOOM  TRAVELER. 


Front    Eleva-Hon  Side     Elevation 

Fig.  28.    Traveler  used  in  Erection  of  Armory,  University  of  Illinois. 


Tn'ph  B/ock- 


^f^n 


goose  neck i  -^Kp^^rZ    .  W'^9\^ 

^      ^*-  -^  Tnpie  Block  .^ /  4  ef' 


!i^::^^^:;:±^:;.:^  '«:a^^  ^/i'^s^ 


^ 


Cn*.IIm» 


//C7.  ^^    Stiff-Leg  Derrick  used  oi?  Ebectio^  T^lkvkus.^  yo^l  Erbction  of  Armory 
University  of  Illinois.     (Two  o(  tVieae  demcVa  ^tt^  >3aRAL  q«l Vroox  ^  ^xv9^^Rl^ 
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uld  YuLve  a  penelraiion  of  not  less  than  lo  ft.  in  hard  material  and  not  less  than  20  ft. 
tiuAttrial     For  a  steam  hamtner  unity  in  the  denominator  in  (1)  should  be  replaced  by  ^, 
The  following  specification  is  commonly  used  for  piles  for  heav-^'  falsework. 

jnlC8  lire  to  be  spruce,  yellow  pine  or  oak,  not  less  than  9  in.  in  diameter  at  the  pc^nt  and 
than  14  in.  in  diameter  at  the  butt.     Piles  are  to  be  straight  and  sound,  and  free  from 
u:  their  strength  or  durability.     Piles  are  to  be  driven  into  hard  bottom  until  they 
re  than  i  in.  under  the  blow  of  a  hammer  weighing  2,000  lb.  and  falling  25  ft. 
Foe  »pe..  ifu  itirjns  fof  falscwork  piles,  see  Chapter  Vll. 
A  Clack  [ilc  'Irncr  is  shown  in  Fi^,  26. 

Des&gn  of  Falsework,— Falsework  should  be  designefl  to  carry  the  necessary  loads.  Where 
iHatwotk  is  recjuircd  to  carry  traffic  it  should  be  designed  for  the  same  allowable  stresses  as 
permitted  for  timber  trestles  and  bridges,  Table  V»  Chapter  VII.  Where  the  falsework  does 
ic  the  allowable  stresses  may  be  fifty  per  cent  in  excess  of  those  permitted  for  perma- 
Care  should  be  used  in  the  design  to  prevent  crushing  of  timber  across  the 
w  d<*taitB  of  timber  trestles  sec  Chapter  VI L 
Traveler  for  Brectioii  of  Armory, '^The  new  armory  for  the  University  of  Illinois  is  276  ft* 
f  420  ff.  in  plan,  the  main  drill  hall  l:>eing  covered  by  three*hingeiJ  arches  with  a  span  206  ft. 
of  end  pins*  a  center  height  of  94  ft.  3  in.»  and  are  spaced  26  ft.  6  in.  The  arches  have  a 
lie  of  two  4  in.  X  J  in.  bars,  and  are  braced  together  in  pairs. 
Eadi  arch  was  shipped  in  eight  segments,  and  the  four  sections  for  each  half  of  the  arch 
[  asMembled  and  riveted  up  in  horizontal  position  on  the  ground  close  to  their  final  positions. 
side  of  the  arch  was  then  lifted  into  a  vertical  plane  by  a  two-boom  traveler,  and  its  lower 
d  was  fitted  into  the  shoe  and  the  shoe  pin  driven.  The  truss  was  then  lowered  on  this  pin 
dl  lit  head  r^ted  on  the  ground,  the  arch  segment  being  supported  by  guys  at  the  sides.  The 
posite  cefment  ol  the  arch  was  then  raised  and  adjusted  in  the  same  way.  The  traveler  was 
1  placed  at  the  center  of  the  arch,  and  the  hoisting  lines  of  the  two  booms  were  attached  near 
toda  of  the  two  half -arches,  which  were  then  raised,  the  lower  ends  rotating  on  the  shoe  pins, 
le  ardh  w^is  then  held  while  the  center  pin  was  driven  and  the  purlins  were  placed  connecting  it 
tlie  adjacent  arch. 
The  traveler*  Fig.  2B,  consisted  of  a  steel  tower  about  40  ft,  square  and  33  ft.  high  to  the 
§On  this  deck  were  two  40-ft.  masts  with  A-frames,  each  carrying  a  90-ft.  boom,  so 
he  bcKim  could  reach  about  20  ft.  above  the  top  of  the  arches,  the  maximum 
ground  to  the  hoisting  block  being  125  ft. 
The  traveler  was  supported  on  wood  rollers  on  tracks  of  16  X  16  in.  timbers  about  40  ft. 
The  upper  part  of  the  traveler  was  composed  of  two  stiff-leg  derricks  of  the  type  shown 
wjib  om^  stiiT'leg  and  one  sill  removed  from  each,  the  masts  being  stepped  on  the 
nected  by  bracing  as  shown.  Each  derrick  had  a  lifting  capacity  of  15  tons, 
an  engine  of  8  H.  P.,  the  two  engines  being  placed  on  a  platform  on  the 
if  thic  traveler  about  2  ft.  from  the  ground. 
.^4 RUCTIONS  FOR  THE  ERECTION  OF  STRUCTURAL  STEEL.— The  McClintic- 
iit^b^n  Coi^tmction  Co.  has  issuc^j  the  followirlg  instructions  to  foremen. 

In  Order  to  A\noid  Accidents,  as  Far  as  Possible,  be  Guided  by  the  Following: 

I-  Se«  ihmt  Your  Equipment  is  Sufficiently  Strong. — It  is  your  duty  to  see  that  the  equip- 
tAiid  tools  vou  use  for  each  part  of  the  work  are  sufficiently  strong  to  handle  the  same  safely. 
Yoa  »linu!rf  ««N*  th^^t  the  derricks  you  use  are  amply  strong  for  the  loads  to  be  lifted.  The 
e  m^  *  ire  the  critical  pKjints  of  a  derrick.     If  you  have  any  doubt  about 

fr  fltrrAg: !  .  provide  hea\^'  wire  guys  from  gudgeon  pin  to  sill  at  base  of  stiff 

Dm\  •  .,M_I  on  a  five  ton  derrick.     The  same  thing  applies  to  gin  poles  and 

iveleriL.  ^1  your  equinment  and  don't  run  any  chances  where  life  is  endangered. 

AFf  fill  iuii  a  llL'ht  load  on  a  derrick  if  the  length  of  the  b<x>m  exceeds  seventy 

if  the  boom;  that  is,  if  your  bixjm  is  12  in,  X  I4  in.  the  least 
a  heavy  load  on  this  boom  if  it  is  more  than  seventy  feet  in 


f    19IJ' 


a 
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See  that  travelers  are  well  and  carefully  framed  and  erected^  well  braced  and 
withstanding  the  greatest  wind,  and  shocks  from  heaviest  toads  that  are  to  be  lifted. 

See  that  the  hookst  shackles  and  beckets  on  your  blocks  are  amply  strong,  and  don 
gate  block  to  be  Uised  without  it  being  closed  and  hooked.  Also  see  that  your  cables  ai 
as  well  as  the  rings  and  hooks  in  the  same,  are  amply  strong  for  the  loads  to  be  lifted. 

Do  not  use  old  or  worn  line  when  there  is  any  danger  to  men  or  material  by  so  doi 
out  the  use  of  manila  line  whenever  possible.  When  you  are  obliged  to  use  it  be  sure  it, 
strong*  Use  steel  cable  whenever  possible,  as  it  is  safer,  will  last  longer  and  is  cheap 
long  run.  Be  sure  that  the  guy  cables  for  gin  poles,  derricks,  etc.,  are  of  sufficient  size 
stand  the  tension  to  come  upon  them.  Also  that  the  cables  are  securely  fastened  by  n 
sufficient  numlxT  of  goi>d,  strong  clamps  well  fastened,  and  also  that  dead  men  or  other  a 
are  ample,  and  watch  them  when  lifting  heavy  loads  to  see  that  ^uys  do  not  cut  dead  m< 
Keep  gin  pole  guys  as  near  at  right  angles  to  each  other  as  possible*  when  only  four  arc 

You  should  be  careful  to  see  that  the  gas  pipe  or  wooden  scaffold  you  use  is  of  pf 
and  strength  for  the  span  and  loads.  If  there  is  any  question  about  the  strength,  te^t 
by  applying  several  times  the  load  that  will  come  upon  it.  See  that  plank  you  use  for  «c 
etc,  is  the  right  kind  of  wc>od»  preferably  white  or  yellow  pine,  free  from  knots  and  sh| 
plenty  strong,  watehing  to  see  that  it  is  thick  enough  for  the  span  on  which  it  is  used. 

Do  not  put  heavy  Itxids  on  light  push  cars.     The  frame  is  not  only  liable  to  crusli 
shafts,  boxes  or  wheeb  may  bend  or  break,  ui^setting  the  load  and  injuring  the  men. 

2.  See  That  Your  Equipment  is  in  Order.— In  setting  up  your  derricks  see  that 
plumb,  properly  guyed  and  that  the  splices  arc  brought  into  contact  and  bolted  with  tigj 
bolts.  See  that  the  goose- net^ks  fit  gudgeon  pin  closely  and  are  not  cracked  or  bent  and 
top  of  stiff- leg  is  tied  down  from  the  goose-neck  to  the  sill  to  prevent  lifting  tendency, 
timbers  in  the  mast,  boom,  stiff-legs  or  sills  arc  rotten,  knotty  or  wind  shaken,  do  not  i| 
See  that  your  gudgeon  pin  and  pintle  casting  are  well  fastened  to  the  masl»  and  if  the  i 
wood  that  the  wood  is  not  rotten  or  worn  at  these  points. 

You  should  see  that  all  leads  are  as  straight  and  direct  as  possible,  as  failure  to  pro^ 
leads  reduces  the  efficiency  of  your  power  and  equipmentt  as  well  as  producing  heavx*^  we 
lines  and  is  a  frequent  cause  of  accidents.     Particular  care  should  be  exercised  in  nectu 
leads  for  wire  cable  on  account  of  liability  of  breaking  the  individual  wire  strands  b; 
or  indirect  leads,     A  broken  individual  wire  is  liable  to  lie  across  and  cut  the  oth( 
cable.     When  you  use  a  wooden  traveler  see  that  the  timbers  are  all  in  good  condt 
it  is  erected  plumb  and  square  and  the  joints  are  pn>perly  and  securely  bolted.     Mifrf 
occur  from  ike  use  of  wooden  derricks  and  wooden  travelers  than  frmn  any  other  catise, 
reason  extreme  care  should  be  exercised  to  see  that  they  are  in  good  condition  l>efor 
When  a  traveler  is  used,  see  that  it  is  properly  erectecf  and  thoroughly  bolted  and 
bracing  rods  tightened. 

Do  not  use  an  iron  gin  pole  if  the  sections  are  bent  or  dented  seriously,  or  the  spli 
clamp  the  pole  tightly  and  securely.  Do  not  use  a  wooden  gin  pole  unless  the  timber 
condition^  well  spliced  with  good  long  splices  securely  bolted. 

See  that  your  hoisting  engine  is  in  go<xl  order;  that  the  shafts  are  not  bent,  the  dogs, 
and  brakes,  including  the  friction,  are  in  good  condition  and  working  order.  The  Ic 
trolling  the  winch  heads  should  be  straight  and  when  thrown  in  should  engage  the  ratcl 
See  that  winch  head  cannot  slip  off  shaft.  See  that  the  boilers  are  cleaned  Irequently 
good  condition. 

You  should  be  particular  to  see  that  gas  pipe  scaffolding  is  not  rusted  on  the  inside 
it  is  fastened  so  that  it  cannot  roll  or  turn.  Do  not  use  any  plank  or  timber  for  scaffoh 
is  knotty,  rotten  or  weather  cracked,  and  allow  no  man  to  work  on  scaffold  plank  laid 
the  supports.  The  plank  should  be  fixed  so  that  they  cannot  move  or  slide  endwise,  by  u( 
bolts. 

All  cables  should  be  in  good  condition  and  kept  oiled  or  greased  so  that  they  will 
if  they  are  not  in  good  condition,  do  not  use  them.  All  guy  cables  should  be  st'curcly 
by  means  of  a  sufficient  numl>cr  of  good  clamps. 

See  that  your  chains  and  the  rings  and  hooks  in  the  same  are  not  wtirn,  cracl 
out  of  shape  and  that  they  are  annealed  at  least  once  every  three  months  in  an  anneftUng 
if  you  are  near  one,  or  otherwise  anneal  them  yourself  by  laying  them  down  in  a  straight 
building  a  good  sized  wood  fire  over  them,  heating  slowly  to  a  cherr>*  red.  then  cover 
oughly  with  ashes  and  heated  dry  dirt  leaving  them  to  cool  slowly  in  the  ashes  and  dirt, 
the  chains  down  in  a  straight  line  do  not  lay  one  chain  on  top  of  another.  B< 
that  the  covering  is  ample  so  that  air  or  moisture  cannot  crjol  the  chains  qtji 
This  annealing  should  l>e  done  on  Saturday  and  chains  not  disturbed  until  M...i...^j, 
used  frequently  ev^ery  day  should  be  annealed  once  a  month. 

Sec  that  your  blocks  are  in  good  order  and  that  the  beckets,  ahackles  and  hocil 
hentf  cracked  or  out  of  shape,  and  that  faces  of  blocks  arc  in  good  condition,  also  that  tl 
are  not  cracked  or  the  flanges  broken. 
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on  sc'ts  (rivet  sets)  are  fastened  to  the  air  hammers. 
ee  that  Your  Equipment  and  Tools  are  Properly  Used. — In  using  a  locomotive  crane  be 
'  tr  '   '  '\  ballasted  and  level  and  the  rails  well  spiked  down.     Do  not  lift  a 

ay$  wr.  ■.'<*  crane  is  iianding  on  a  curve,  without  using  extra  care.     Use  your 

n'f  '  .^     .^,. .:  lifting  a  heavy  had. 

I  locomotive  crane  is  capable  of  handling  safely  for  each  radius  are  plainly 

don't  attempt  to  lift  heavier  loads  with  the  crane, 

UM>mii  of  locomotive  cranes,  derrick  cars  or  derrick's,  are  in  firi5t  class  condition. 

bilges  of  the  btKjm)  has  been  injured  or  bent^  don*t  use  it,  but  j-eplace  the  broken 

1  new  material.     Don't  attempt  to  straighten  it,  as  the  material  m  all  probability 

An<j  will  break  or  collapse  socjncr  or  later. 

-  -    ■         :     fuK  but  dangerous  piece  of  equipment,  for  this  reason  the  greatest 

d  in  handling  the  same,     Dont  altrnv  any  nuin  on  the  car  or  crane 

.,  -  ..^  ^.  4  p  workmen  from  under  the  boom.     Don't  attempt  to  shift  track  with 

'  standing  on  the  same  track,  and  don't  attempt  to  lift  a  maximum  load  with  the  boom 

must  he  especially  careful  in  swinging  boom  sidewise  or  lifting  loa<!s  sidewise  with  a 
a^  voijr  car  will  upset  unless  you  use  outriggers  or  guys.     Don't  run  chances,  but  lift 
<1  wherever  possible.     Sec  that  the  bo«jm  on  the  derrick  car  is  tightly  guyed 
nope  running  from  end  of  boom  to  sides  of  car.     Xcv^r  use  mnnila  line  for 
,^^^^^.  11  stretch  and  your  boom  will  get  away  from  you,  upsetting  the  car.     Use 

fiioiul  V  I  <^f  lniom  when  slotting  heavv  loads. 

..  1    with  a  locomotive  crane  or  clerrick  car  on  a  curve,  be  sure  that  the  track  la 
outer  rail  not  elevated  as  is  customary  with  railroad  track. 

careful  in  using  a  wooden  boom  extension  or  outriggerst  that  you  do  not  lift  too 
The  increased  length  of  the  boom  and  the  weight  of  extension  reduce  the  lifting 
iH'^r?ibly.     Whenevx^r  possible,  avoid  the  attachment  of  guy  lines  to  railroad  tracks, 
^  have  occurred  by  car  running  into  the  guys, 
or  bundles  of  small  material  so  that  they  cannot  slip  out. 
111.,  ti  to  carry  glared  window  sash  on  their  shoulders  when  the  wind  is  blowing, 
blocks  are  se*:urcly  fastened  and  that  men  do  not  stand  in  the  "bite'*  of  a  line. 
light  gate  block  when  lifting  heav^y  loads. 
luld  be  run  around  two  winch  heads  when  making  a  heavy  lift- 

use  a  derrick  keep  the  boom  elevattd  abm^e  a  horizontal  line  as  far  as  possible,  as  geit' 

'$t  %tr4t$s  comtrx  on  the  boom  and  mast  as  well  as  stiff -legs  or  guy  lines  when  boom  is  m  a 

Ititfn,     A  maximum  load  for  the  derrick  should  never  be  lifted  with  the  boom  in  a  hori* 

I  a  gin  pole  see  that  the  splices  are  well  bolted  and  the  pole  is  property  guyed. 
1,.  ..  .,  ,,,...*!  when  lifting  a  load  or  moving  the  pole  and  see  that  the  foot  of  the 
'  when  you  desire  to  move  it. 
f>f  .,  ijse  occurrerd  through  the  improper  loading  of  push  cars.     See  that 

^fx«rly  placed  so  that  it  cannot  roll  or  tumble  over,  especially  going  around  a  cur\e. 
'  your  men  to  push  on  the  side  of  the  car  with  a  top  heavy  load.     They  should  push 
I  the  emls  of  the  piece. 
,  yiin  lif*  .»  b«'am  ttr  girder  use  scissor  dogs  or  cast  steel  girder  hooks  wherever  possible, 
LJi        ■  '       '  (ther  ordinary  dogs  or  chains  see  that  wooden  blocks  are  ustrd  be- 

p!:  flange  to  prevent  the  girder  from  slipping. 

:  y-^  .-*  »  -KiiM^  Lxcept  for  lifting  light  loads.  Where  you  have  hea\y  loads  to  lift 
t  being  careful  to  avoid  sharp  b<?nds  by  using  rounded  wooden  blocks  between 
Don't  put  too  many  parts  of  lashing  into  a  hook  as  by  doing  so  you  are  liable  to 
\  rh*'  heK>k.  See  that  exposed  parts  of  dangerous  machinery'  are  properly  covered. 
5e  Orderly,  Careful. — Si-c  that  your  work  is  carried  on  in  an  orderly,  careful  manner. 
I  that  material  is  unloaded  and  piled  in  an  orderly,  careful  way  so  that  it  cannot  fall,  turn 
>«rn  over. 

rary,  do  no    hoist  any  material  to  a  structure  until  you  are  ready  to  put  tt  into 
riy  fasten  it.      In  cases  where  you  drt  hnist  material  to  the  structure  before 
,1  •'-^-'fjt^n,  sec  that  it  is  piled  in  an  orderly  way  so  that  it  cannot  turn  or  roll 
it. 

iDnicnt  such  as  bolts,  nuts,  drift  pins,  blocks,  dolly  l>ars,  etc.,  lie  around 
^  ran  lie  l  1T  the  work  or  so  that  any  one  can  fall  over  them.     Keep  every- 

'  and  in  •  and  allow  nothing  to  lie  around. 

[it.^\'ou  must  use  vigilance  and  be  on  the  job  practically  all  the  time  to  9c?e 
iir  m<n  an?  rarr\*ing  out  your  instructions;  that  tools  and  equipment  are  in  fit  condition 
Iwofk  4r ^    '        '  handling  the  work  carefully  and  intelligently, 

(rari'ful   I  >«•  men  under  you  being  careful,  and  do  not  allow  aivv  ^"^^i  '»«\io\a 

..^  ^.ji-.  ;or  you. 
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Cbaf.  XIV. 


Whenever  any  question  as  to  the  safct>'  of  equipment  or  tools  or  the  work  v 
erecting  is  brought  to  your  attention  by  any  of  the  men  under  you  or  others,  i 
same  and  satisfy  yourself  uf  the  safety  of  the  same  bfforc  pnxeeding  further.     If  you  jre  sat 
the  work,  equipment  or  tools  arc  not  siife,  put  them  in  a  ^fe  condition  immediaiely. 

6.  See  that  Proper  Instruction  is  Given  Employees, — Call  attention  of  men  to  any  d« 
conditions  on  the  job  so  that  they  can  be  on  the  lookout.     Your  faithful  attention  to  this  i 
is  to  the  interest  of  employi.*c  and  employer  alike. 

7.  Unfit  Condition. — Vou  must  see  that  every  employe  under  you  is  in  proper  physicaJl 
dkion.  They  should  be  strong,  temperate,  clear-headed,  with  good  eyesight,  good  hearing,^ 
not  lame  or  crippled. 

Do  not  allow  any  man  to  go  to  work  who  has  been  drinking  or  drinks  durtn^r  working  boufij 
or  who  is  sick  or  in  unfit  condition.     A  man's  mind  is  not  clear  who  is  at  all  m    '  -    '^ 
of  liquor  and  thus  endangers  his  own  and  fellow  workmen's  lives.     Don't  empl 

Don't  employ  any  one  under  eighteen  years  of  age  and  preferably  no  one  .......  . 

Those  employed  between  the  ages  of  eighteen  and  tweniy-one  should  be  strong,  sober,  he 
boys  who  desire  to  learn  the  business.     You  must  secure  a  written  iKTmit  from  the  partr 
all  boys  under  twenty-one  wars  of  age,  authorizing  you  to  employ  them.     Forms  for  ihi 
will  be  sent  you.     The  character  of  this  busine*is  is  such  that  a  workman  should  be  sc 
sound  in  body,  temperate  in  habits,  clear  and  alert  in  mind,  to  avoid  accidents, 

8.  Use  Judgment. — You  must  use  judgment  in  assigning  men  to  do  certain  work  and  sec  tkitl 
they  are  cap^iblc  and  experienced  in  the  work  to  be  done.  [ 

Signal  men  shotdd  be  capable,  experienced  bricls^emen,  and  should  stand  in  a  position  wbcit  I 
they  can  be  seen  by  the  men  at  the  hoisting  engine  and  those  connecting  the  work,  SiKOill  I 
should  be  clearly  understood.  Use  nunc  but  good,  careful,  experienced  locomotive  cranetncn,  | 
derrick  car  men,  and  men  on  winch  heads. 

Don't  resort  to  expMiency  by  allowing  an  inexperienced  man  to  do^the  work  wh*  ^r  I 

counts.     Educate  the  men  up  to  their  work.      Don't  throw  too  much  on  incxperit  ifi  | 

at  once.     You  should  sec  that  the  pusher  and  men  use  proper  tools  t<»  do  the  work  .hh!  ii.iiK 
same  properly.     Don't  allow  your  men  to  work  on  crane  runway  when  cranes  are  iti  moti( 
Don't  allow  men  to  work  on  scaffold  that  you  would   not  work  on  yourself.     W'here  them 
heavy  pieces  to  Ix^  lifted  see  if  the  weight  is  marked  on  the  piece;  if  not,  get  the  weight  * 
the  invoice  and  mark  it  tm,  calling  pusher's  attention  to  it, 

9.  Do  Not  Mow  Men  to  Work  in  Perilous  Places. — You  must  see  that  your  m»  i 
exposed  to  extremely  hazardous  conditions  and  that  they  are  not  allowed  to  work  in  l 
dangerous  places. 

Do  not  allow  your  men  to  work  under  loads  and  in  places  where  there  is  imminent  dii^^ 
Be  careful  not  to  allow  men  to  work  on  the  roofs  of  buildings  when  there  is  fmst,  ice  oriflflV 
on  the  same,  without  taking  extreme  precautions.     The  same  applies  to  other  steel  sfruciUfW. 

10.  See  That  Workmen  Obey  Following  Rules. 

a.  Don't  Be  Reckless. — More  accidents  occur  through  recklessness  than  any  cnber  ctu 
Don't  walk  on  rods.     Don't  rirle  a  load.     Don*t  ride  on  a  locomotive  crane.  ^ 

b.  Don't  Be  Careless.— Look  where  you  step  and  l>e  sure  that  on  what  you  step  is  sifp  »w  j 
secure.  Don't  step  on  ends  of  loose  plank.  Don't  start  to  slide  down  a  line  unless  you  an?  *ow  j 
the  ends  are  fastened, 

c.  Be  Orderly. — Do  whatever  you  do  in  an  orderly,  careful  manner.  Pile  material  m  1 
it  cannot  roll,  fall,  tumble,  or  be  blown  over.  Don't  let  tools  or  equipment  such  as  btjlts,  H 
drift  pins,  blocks,  dolly  bars,  etc,  lie  around  so  that  they  can  be  knocked  off  the  work  or  iot 
any  one  can  fall  over  them. 

d.  Unfit  Condition. — Don't  go  to  work  if  you  have  been  drinking  or  do  not  feel  well, 
are  lame  or  have  any  defect  in  hearing  or  eyesight  you  should  not  work  at  this  bu^^ine$5  au  I 
doing  you  endanger  your  own  and  fellow  workmen's  lives.     U  you  are  inexperienced  Lii«  <if ' 
suited  for  the  work  to  be  done,  don't  undertake  it.  j 

e.  Be  Vigilant. — Watch  what  you  are  doing.  Don*t  stand  or  work  under  a  load.  Don' 
go  in  the  ''bite"  of  a  line  nor  stand  in  front  of  a  snatch  block.  Don't  work  on  or  about  a  cra» 
runway  when  the  crane  is  in  use  unless  there  is  a  stop  between  you  and  the  crane. 

/.  Don't  Use  Unfit  Tools, — Be  sure  the  tools  and  enuipment  you  use  are  in  good  wortiH  J 
order.     If  they  are  not,  don't  use  them.     Don't  work  with  men  who  don't  observe  the***  f"^^*- 
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I.  Work  to  be  Dane.— The  Contractor  shall  erect,  rivet  and  adjust  all  metal  work  in  place 
rm  all  other  work  hereinafter  specified. 

Contractor  shall  provide  all  tools,  machinery  and  appliances  necessary  fori 
^r  uanJling  of  the  work*  including  drift  pins  and  fittmg  up  bolts. 
irork. — The  method  of  erection  and  plans  for  falsework  and  erection  equipment 
bif-i  t  U)  approval  by  the  Engineer,  but  such  approval  shall  not  relieve  the  Contractor] 

i Itty.     Falsework  will  be  built  by  t •  • .  ♦ • Falsework  [ 

i.tracter  will  be  provided  by  the  f .  . , *..... 

pmj^rary  structure  for  use  during  erection  and  for  maintaining  the  traffic  shall  be  ' 

sigrncfl  and  substantially  constnjcted  for  the  loads  which  will  come  up<jn  it.     All  bentd 

ircd  against  movement,  both  transversely  and  longitudinally.     The  bents  ] 

linst  settling,  and  piles  used  wherever  firm  bottom  cannot  be  obtained. 

V  i  rcction,  the  temporary'  structure,  if  the  pro(jerty  of  the  Railway  Company, 

noved  without  unnccess;ir>'  damage  and  neatly  piled  near  the  site  or  loaded  on  cars, 

I  directed.     If  the  propierty  of  the  Contractor,  it  shall  be  removed  in  a  manner  subject^ 

[>val  of  the  Engineer. 

rurk  placed  by  the  Railway  Company  under  an  old  structure  or  for  Carrying  traffic,  I 

1  a-s  far  as  practicable  by  the  Contractor  during  erection,  but  it  shall  not  be  unneces-  ] 

wasted. 

lact  of  Work. — The  work  shall  be  prosecuted  with  sufficient  force,  plant  and  ec^uip-  ' 

>cdite  its  cv^mplction  to  the  utmost  extent  and  in  such  a  manner  as  to  Ix-  at  all  times 

•'  the  tracks  by  the  Railway  Company,  and  so  as  not  to  interfere  with  the  ■ 

rs,  or  to  close  or  obstruct  any  thoroughfare  by  land  or  water,  except  | 

Mv  reduction  of  speed  will  be  allowed  upon  request  of  the  Contractor. 
^«hal1  u*n  hf*  cut  nor  shall  trains  be  subjected  to  any  stoppage  except  when  specifically 
^ti  -H-er- 

II  protect  traffic  and  his  work  by  flagman  furnished  by  and  at  the  expense 
The  Contractor  shall  provide  competent  watchmen  to  guard  the  work 

bc.iv-,,.  — If  under  the  contract,  work  train  or  engine  serv^ice  is  furnished  the 

frei;  of  charge,  su<!h  service  shall  consist  only  in  unloading  materials  and  in  trans- 

from  a  convx-nicnt  siding  to  the  bridge  site.     Other  engine  service  shall  be  paid 

tractor  at  the  rate  of  $ per  day  per  engine,  the  time  to  include  the  tim& 

!  engine  to  come  from  and  return  to  its  terminal.     When  engine  scr%nce  is  desired 

shall  give  the^  proper  railway  officials  at  least  24  hours'  advance  notice  and  the 

tympany  i^Hll  furnish  the  service  as  promptly  as  possible,  consistent  with  railroad 

Itlcrrick  cars  are  used  on  main  tracks,  their  movements  shall  be  in  charge  of  a  train 
MK..  ,.vrM>f,^  of  the  crew  and  any  engine  service  other  than  as  noted  above  shall  be 
ractnr. 

ton. — When  transportation  of  equipment,   materials  and   men   is  furnished 
Railway  Company's  line,  it  shall  be  subject  to  such  conditions  as  may  be  stated 
ict> 

.—The  Railway  Company  will  furnish  all  masonry  to  correct  lines  and  elevTitions, 

iiithcrwi*ie  stated  in  the  contract*  will  make  all  change**  in  old  masonry  without  un- 

'  '      of>erati<ms  of  the  Contractor.     The  Railway  Company's  engineers  will 

Mons  and  assume  responsibility  therefor,  but  the  Contractor  shall  com- 

.  .inces,  etc,  shown  on  plans,  with  the  masonry  as  actually  constructed  as 

l^icfore  be  assembles  the  steel.     In  case  of  discrepancy,  he  shall  immediately 

[  and  Storing  of  Materials. — ^Cars  containing  materials  or  plant  shall  be  promptly 

rlivrrv'  theref<»r,  and  in  case  of  failure  to  do  30  the  Contractor  shall  Ix'  liable  for 

Material  shall  be  placed  on  skids  abovnp  the  ground,  laid  so  as  not  to  hold 

I  and  handled  in  such  a  manner  as  not  to  be  injured  or  to  interfere  with  railroad 

'^  'ring  or  replacing  material  damaged  by  rough  handlin?^  shall  be 

the  '  ontractor,  while  unloading  and  storing  material,  shall  compare 

Fwith  .,.v    ..,j-,-.,.^  ,*  .  and  promptly  report  any  shortage  or  injury  discovered, 

'^ofited^  Am*  Ry,  Eng.  Assoc.,  Vol,  13.  1912,  pp.  83-87,  9.^5-945. 
f  laseft  **Railinty  Company*'  or  "Contractor,"*  as  the  case  may  be. 
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9.  Maintenance  of  Tragic. — When  traffic  is  to  be  maintained  it  will  be  carried  on  In  such 
manner  as  to  iaterfcne  as  little  as  practicable  with  the  work  of  the  Contractor. 

Changes  in  the  supp^^^ti^g  structure  or  tracks  required  during  erection  shall  be  at  all  timet 
under  the  direct  control  and  su|K*rvision  of  the  Railway  Company. 

10.  Removal  of  Old  Structure*^UnIess  otherwise  specified,  metal  work  in  the  old  structure 
shall  lie  dism:inil:(l  without  unnecessary  damage  and  loaded  on  cars  or  neatly  piled  at  a  Mt? 
immediately  adjacent  to  the  tracks,  -ind  at  a  convenient  grade  for  future  hi"'"  '  ' 
directed*  When  the  structure  is  to  be  used  elsewhere  all  parts  will  l>e  m.i 
Railway  Company;  when  the  old  bridge  is  composed  of  several  spans  the  parts  <  i 
separate. 

1 1.  Metal  Work, ^Material  shall  be  handled  without  damage.  Threads  of  all  pins  sshaf)  be 
protected  by  pil«»t  and  driving  nuts  while  being  dri\''en  in  place. 

Light  drifting  will  be  permitted  !ti  order  to  draw  the  parts  together,  but  drifting  for 
purpose  of  matching  unfair  holes  will  not  l>e  permitted.     Unfair  holes  shall  be  reamed  or  drillci 

Nuts  on  pins  and  on  bolts  remaining  in  the  structure  shall  be  eflFectivcly  locked  by  checlrinf 
the  threads. 

All  splices  anri  6eld  connc*ctions  shall  be  securely  bolted  prior  to  riveting.     When  the  partj 
are  requireiJ  to  carry  trafhc,  important  connections,  such  as  attachments  of  stringers  and  ft  mt 
beams,  shall  have  at  least  fifty  (50)  per  cent  of  the  holes  filled  with  bolts  and  twenty-fiv  1 
cent  with  drift  pins.     All  tension  splices  shall  be  riveted  up  complete  before  blocking  is  r 
When  not  carrying  traffic,  at  least  thirty-three  and  one-third  (33 1)  per  cent  of  the  holes  shall  lu\c 
bolts. 

Rivets  in  splices  of  compression  members  shall  not  \ye  driven  until  the  m       '  .    .r  . 

been  sul)jected  to  full  dead  loud  stresses.      Rivets  shall  Ix-  driven  tight.      No  re- 

wilt  be  permitted.     The  heads  shall  be  full  ami  uniform  in  size  and  fror  fr^  i, ,  .    ,,^.,,.,„ 

and  in  full  ccintact  with  the  metal.     Heads  shall  be  painted  immediately  after  acceptant^. 

Rivets  shall  be  uniformly  and  thoroughly  heated  and  no  burnt  rivets  shall  be  driven,  A8 
defective  rivets  shall  be  promptly  cut  out  and  red  riven.  In  removing  rivets  the  surroundim 
metal  shall  not  be  injured;  if  necessary,  the  riv^ets  shall  be  drilled  out. 

13.  Misfits. — Correction  of  minor  misfits  and  a  reasonable  amount  of  reaming  shall  be  oan« 
sidered  as  a  lej^itimate  part  of  the  erection. 

Any  error  in  shop  work  which  prevents  the  proper  assembling  and  fitting  up  •  f 
moflcrate  use  of  drift  pins,  and  a  moderate  amount  of  reaming  and  slight  rhippi 
shall  be  imme^liately  reported  to  the  Engineer  and  the  work  of  correction  done  in  li,^  ,1^-.  mi  ^ 
the  Engineer,  who  shall  check  the  time  ejcpendcd.     The  Contractor  shall  render  an  itemized  bill 
for  such  work  of  correction  for  the  approval  of  the  Engineer. 

13.  Anchor  Bolts. — Holes  for  all  anchor  Ixilts,  except  where  bolts  are  built  up  i*'ith  xht 
masonry,  shall  be  drilled  by  the  Contractor  after  the  metal  is  in  place  and  the  Ixilts  shall  bc<t£ 
in  Portland  cc-mcnt  grout. 

lA.  Bed  Plates. — Bed  plates  resting  on  rpasonry  shall  be  aet  level  and  have  a  full  even 
over  tneir  entire  surface;  this  shall  be  attained  by  either  the  use  of  Portland  cement  groui 
mortar,  or  by  tightly  ramming  in  rust  cement  under  the  tied  plates  after  bhjcking  them  accurately 
in  position. 

15.   Decks. — The  *. will  frame  and  place  the  permanent  timlier  flctk. 

i6.  Painting.— The  paint  will  be  furnished  by  * and  shall  he  of 

such  color»  quality  and  manufacture  as  may  be  specified. 

Surfaces  inaccessible  after  erection,  such  as  bottoms  of  baae  plates,  tops  of  stringer?,  rff., 
shall  receive  two  coats  of  paint,  allowing  enough  time  between  coats  for  the  first  coat  to  A' 
applying  the  second.     No  paint  shall  be  applied  in  wet  or  freezing  weather,  nor  when  tl 
of  the  metal  is  damp.     Painting  shall  be  done  in  good  and  workmanlike  manm  r       * 
inspection  during  progress  and  after  completion,  and   in  accord.incc  with   -i 
which  shall  Ix-  given  by  the  Engineer.     All  metal  shall  1^  thor  lughly  cleaned  ^..  ......  . ,... ,  ..^-< 

scale,  etc.  b<?fore  the  paint  is  applied. 

17.  Clearing  the  Site. — Tne  Contractor,  after  completion  of  the  work  of  enrrtion*  chsO 
remove  all  old  material  and  debris  resulting  from  his  operations  and  place  the  pn^miisrs  in  a  iwM 
condition.  ^     .        ,  . 

18.  Superintendence  and  Workmen.— Dunng  the  entire  progrefis  of  the  work  the  C 
ahalt  have  a  comfX'tent  superinti  ndent  in  personal  charge  and  shall  cmplov  onlv  si 
competent  workmen.     Instructions  given  by  the  Engineer  to  the  Su|X'rint    -  '     -     >    "  ' 
out  the  same  as  if  given  to  the  Contractor.     If  any  of  the  Contractors 

or  iKiisterous  conduct,  or  by  incompetency  or  dishonesty,  show  unfitness  1;     ..;,:, ,  

work,  they  shnll.  up»n  in.^fructions  from  the  Engineer,  be  discharged  from  the  work*  nor  there- 
after be  employed  upon  it  without  the  Engineer's  consent. 

* lasert  "Railway  Company"  or  "Contractor.**  as  the  case  may  be. 
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U — The  work  of  erection  shall  at  all  times  be  subject  to  the  inspection  and 
'inginetr, 

-The  term  "Engineer,**  as  used  herein,   shall   be  understood  to  mean  the 
["the  Railway  Company »  or  his  accredited  representative. 


l^IONS  FOR  THE  INSPECTION  OF  BRIDGE  ERECTION* 

observe  the  plans  and  specifications  for  steel  coniii ruction*     Study  the  masonry 
masonry  as  built  with  the  steel  plans, 
yourself  with  the  local  conditions  aH'ecting  erection, 
[uaintance  of  the  principal  men  engaged  upon  the  work  and  of  local  rrfiidents 
be  affected  thereby, 

study  carefully  the  time  table  and  be  well  posted  conceminK  the  time  when 
ns  are  due  and  their  relative  ini  porta  nee.     Acquaint  yourself  with  ail  special 
Us,  made  because  of  the  work  in  hand. 

ti  information  concerning  the  conditions  of  the  work  in  the  bridge  shop  and  the 
shipment. 

^rts  i)i  any  uncompleted  or  erroneous  work  that  must  be  attended  to  after 
erial  in  the  field. 

t  erection  program  in  order  to  avoid  delays  and  lie  able  to  recommend  some 
an  emergency. 

to  have  full  preparations  made  before  disturbing  the  track  so  that  the  erection 
ly  and  the  period  of  such  disturbance  be  made  a  minimum, 
pord  of  the  arrival  of  all  materials.     The  contractor's  record  should  be  sufficient 
1:  to  anticipate  any  shortage  of  material  and  use  all  available  facilities  to  hasten 
Sded  parts. 

pn>gress  of  the  work  and  determine  whether  it  is  likely  to  be  completed  in  the 
lOt,  endeavor  to  secure  such  additions  to  the  force  and  equipment  as  will  insure 


^  lily  record  of  the  force  employed  and  the  distribution  of  labor,  in  a  way  that 
ing  clauses  g  and  23. 

a  constant  su[>er\xsion  of  any  temporary  structure  or  falsework  and  make 
ar>'  with  the  pur|>05e  of  discovering  any  e%'idencc  of  failure  or  lack  of  safety 
>ctcd  before  damage  is  done.     Examine  erct^tion  equipment  with  a  view  to  its 

y. 

mtly  on  hand  when  work  is  in  progress  and  note  any  damage  to  the  metal, 

to  the  specification  or  any  especial  diJiiculty  in  assembling. 

re  that  each  member  of  the  structure  is  placed  in  its  proper  position.     If  match 

simine  them  with  care. 

lave  the  several  members  asst-mbled  in  such  order  that  no  unsatisfactory  make- 

fted  to  in  getting  some  minor  memln'r  in  place. 

,,   -»  -  r^  or  rough  u^a^e  of  the  material.     Bending,  straining  and  heavy^  pound- 
I  in  such  abuse, 
Lhe  use  of  fillers,  washers  and  threaded  members  to  see  that  they  are 

misused. 

ain  that  all  parts  of  the  structure  are  properly  aligned  and  that  the  rcciuired 

t  ri\^ting.     It  is  possible  for  a  structure  to  be  badly  distorted  althougli  the 

filled  with  the  bolts. 

&  heating  of  rivets  to  insure  against  overheating  and  to  make  sure  that  scale 

test  carefully  all  field-driven  rivets  and  have  any  that  are  loose  or  imperfect 

id  replaced  all  rivets,  whether  shop-driven  or  ficld-drivi  n,  that  mav  be  loosened 
riveting. 
_  to  metal  while  removing  rivets, 
to  the  contractor  at  once  for  his  attention  any  vnolaiion  of  the  spiecifications 
a  correction  or  refer  the  matter  to  the  proper  authorities  as  soon  as  possible. 
H  comerning  the  use  of  Company  material  and  work  trains  and  assist 
ial  and  trains  when  needed ♦  and  preserve  a  record  thereof. 

'"  tng  diagram  of  any  old  structure  to  be  removed  and  see  that  each 

marked  in  accordance  therewith.     Make  a  record  of  the  manner 

,-,.art  and  report  any  damage  to  the  members  of  the  old  sinirturc 
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Indicate  by  sketches  or  otherwise  such  repairs  or  replacement  as  will  be  found  necessary  in  re- 
erection. 

(21)  Secure  photographic  records  of  progress  and  the  important  features  of  the  work  where- 
ever  practicable. 

(22)  Make  a  record  of  flagging  of  trains,  whether  performed  for  the  benefit  of  the  Contractor 
or  otherwise,  delays  to  trains,  personal  injuries,  and  accidents  of  every  kind. 

(23)  Make  reports  as  directed,  showing  the  progress  of  the  work,  the  size  of  the  force  and  , 
the  equipment  in  use.  I 

Make  a  final  report  showing  the  cost  of  labor  of  erection  per  ton  of  material  erected,  die  j 
cost  of  labor  per  rivet  in  riveting,  the  cost  of  correcting  errors  in  design  and  fabrication  and  com-  j 
menting  on  tne  design  and  details;  and  give  such  other  information  as  may  be  useful  in  planning  j 
similar  work. 


kND  STEEL. — ^The  following  definitions  were  adopted  by  the  Committee  on  the 
tnenclature  of  Iron  and  Steel  of  the  Intemationat  Association  for  Testing  Materials, 


i 


Iron  containing  so  much  carbon  or  its  equiv'^alcnt  that  it  U  not  maUeable  at  any 
'he  committee  recommends  drawing  the  line  between  cast  iron  and  steel  at  2.20 

ion. 

u-=-Cast  iron  which  has  been  ciist  into  pigs  direct  from  the  blast  furnace. 

erPig  Iron. — Iron  which  contains  so  little  phosphorus  and  sulphur  that  it  can  be  used 

m  into  steel  by  the  original  or  acid  Bessemer  process  (restricted  to  pig  iron  c«mtaining 

in  o.  10  per  cent  of  phosphorus). 

ig  Iroti^^Pig  iron  containing  so  little  silicon  and  sulphur  that  it  is  suited  for  easy 

rtto  steel  !)y  the  basic  open-hearth  process  (restricted  to  pig  iron  containing  not  more 

rccnt  of  silicon). 

g  Iron  and  Gray  Cast  Iron, — Pig  iron  and  cast  iron  in  the  fracture  of  which  the  iron 

ly  or  quite  concealed  by  graphite,  so  that  the  fracture  has  the  gray  color  of  graphite. 

Hg  Iron  and  White  Cast  Iron. — ^^Pig  iron  and  cast  iron  in  the  fracture  of  which  little 

tc  is  visible,  so  that  the  fracture  is  siK^er>^  and  white. 

kle  Castings. — Castings  made  from  iron  which  when  first  made  is  in  the  condition  of 

«i  iis  m.tdc  malleable  by  subsequent  treatment  without  fusion. 

►le  Pig  Iron.^-An  American  trade  name  for  the  pig  iron  suitable  for  converting  into 

stings  through  the  process  uf  melting,  treating  when  molten,  casting  in  a  brittle  state, 

king  malleable  without  remeking. 

t  Iron. — Slag-bearing,  malleable  iron,  which  does  not  harden  materially  when  suddenly 

Iron  which  is  malleable  at  least  in  some  one  range  of  temperature  and  in  addition  is 
in  initially  malleable  mass;  or,  (b)  is  ca;>able  of  hardening  greatly  by  sudden 
^h  so  cast  and  so  capable  of  hardening. 

':miLii  :steeL — Steel  made  by  the  npcn-hcarth  process,  irrespective  of  carbon  content. 

er  StecL^Steel  made  by  the  Bessc*mer  prrxess.  irrespective  of  carbon  content. 

SteeL — ^Sieel  made  by  carburizing  wrought  iron  by  heating  it  in  contact  with  car- 

latter. 

►  SteeL — ^Steel  made  by  the  crucible  process,  irrespective  of  carbon  content. 

k^Unforged  and  unrolled  castings  made  of  Bessemer,  open-hcarth,  crucible 


R— f 


. — ^Steels  which  owe  their  properties  chiefly  to  the  presence  of  an  element  othex 

of  Iroii  and  Ste«I.^ — The  limits  of  carbon,  the  specific  gravity  and  properties 
are  as  follows: 


Speclfk  Gmvlty* 

Propcrtie*. 

5      to  1.50 

7^2 

Not  malleable,  not  temperable 

1.50  too.  to 

7.« 

Malleable  and  temperable 

0.30  to  0.05 

7.7 

Malleable,  not  temperable 

I  that  the  percentage  of  carbon  alone  is  not  sufficient  to  distinguish  between  steel 

The  softer  grades  of  steel  resemble  wrought  iron.     Very  mild  open-hearth 

I  tinder  he  trade  name  of  **  Ingot  Iron/'  and  is  reputed  to  have  many  advantages 

cL,  ma%t  of  which  properties  it  does  not  possess  among  which  is  its  ability  to  resist 
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CAST  IRON. — ^The  product  of  the  blast  furnace,  where  the  iron  ore  is  reduced  in  the  presence 
of  a  flux,  is  called  pig  iron.  The  term  cast  iron  is  commonly  applied  to  pig  iron  after  it  has  beea 
again  melted  and  cast  into  finished  form.  Cast  iron  contains  carbon,  silicon,  sulphur,  phosphorus, 
and  manganese  in  addition  to  pure  iron,  and  occasionally  very  small  quantities  of  other  elements. 
The  amount  of  carbon  depends  largely  upon  the  presence  of  other  elements. 

Carbon. — The  percentage  of  carbon  ordinarily  varies  between  i|  and  4  per  cent,  but  in  the 
presence  of  manganese  the  carbon  may  be  much  higher.  Carbon  may  occur  in  the  form  of  oobi* 
bined  carbon,  giving  a  white  brittle  cast  iron,  or  in  the  form  of  graphite,  giving  a  gray  cast  mm, 
which  is  the  form  used  in  structural  castings.  The  proper  amount  of  carbon  in  cast  iron  dependi 
upon  the  amount  of  other  impurities  and  upon  the  use  that  is  to  be  made  of  the  finished  prodwt 

Silicon, — The  carbon  is  controlled  by  varying  the  amount  of  silicon  and  sulphur.  Siliooi 
acts  as  a  precipitant  of  carbon,  changing  it  from  the  combined  form  to  the  graphite  form.  The 
silicon  in  gray  cast  iron  is  usually  between  J  and  3  per  cent. 

Sulphur, — Sulphur  has  the  opposite  effect  of  silicon  and  its  presence  is  considered  objection- 
able. Sulphur  produces  "  red-shortness  "  (brittleness  when  the  iron  is  heated).  The  amount  of 
sulphur  in  gray-iron  castings  should  not  exceed  0.12  per  cent. 

Manganese, — Manganese  and  sulphur  both  tend  to  increase  the  amount  of  combined  carbon, 
but  they  tend  to  neutralize  each  other.  Manganese  gives  closeness  of  grain  and  prevents  the 
absorption  of  sulphur  on  rcmelting.  The  amount  of  manganese  in  gray-iron  castings  is  usually 
less  than  i  per  cent;  more  than  2  per  cent  makes  cast  iron  brittle. 

Phosphorus, — Phosphorus  increases  the  fusibility  and  fluidity  of  cast  iron  but  at  the  same 
time  makes  it  brittle.  A  high  phosphorus  content  is  necessary  in  cast  iron  for  light  ornamental 
castings  where  strength  is  not  required.  The  phosphorus  in  gray-iron  castings  varies  from  J  to 
li  per  cent. 

Malleable  Castings. — Small  thin  castings  made  of  white  cast  iron  may  be  decarbonized  by 
heating  the  castings  in  annealing  pots  containing  hematite  ore  or  forge  iron  scale.  The  castings 
are  kept  at  a  cherry  red  heat  for  three  to  four  days,  and  are  then  allowed  to  cool  slowly.  The  metal 
in  malleable  castings  should  not  exceed  J  in.  in  thickness  in  small  castings,  nor  i  in.  in  laiige 
castings,  and  should  be  of  uniform  thickness. 

Strength  of  Cast  Iron. — The  strengths  of  gray-iron  castings  are  given  in  Table  I  and  in  the 
Specifications  for  Gray-iron  Castings  of  the  American  Society  for  Testing  Materials. 


STANDARD  SPECIFICATIONS  FOR  GRAY-IRON   CASTINGS 

OF   THE 

AMERICAN   SOCIETY   FOR  TESTING   MATERIALS. 
Adopted  September  i,  1905. 

1.  Process  of  Manufacture.     Unless  furnace  iron  is  specified,  all  gray  castings  are  understood 
to  be  made  by  the  cupola  process. 

2.  Chemical  Properties.     The  sulphur  contents  to  be  as  follows: 

Light  castings not  over  0.08  per  cent 

Medium  castings *'         o.io       " 

Heavy  castings "        0.12        *' 

3.  Classification.     In  dividing  castings  into  light,  medium  and  heavy  classes,  the  following 
standards  have  been  adopted: 

Castings  having  any  section  less  than  §  in.  thick  shall  be  known  as  light  castings. 
Castings  in  which  no  section  is  less  than  2  in.  thick  shall  be  known  as  heavy  castings. 
Medium  castings  are  those  not  included  in  the  above  classification. 

4.  Physical  Properties.     Transverse  Test,     The  minimum  breaking  strength  of  the  "  Aibi- 
tratjon  Bar  "  under  transverse  load  shall  be  not  under: 

Light  castings 2,500  lb. 

Medium  castings 2,900  '* 

Heavy  castings 3i300  " 

In  no  case  shall  the  deflection  be  under  o.io  in. 


SPECIFICATIONS   FOR  GRAY-IRON   CASTINGS. 
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Where  specified,  this  shall  not  run  less  than: 


,  , .  18,000  lb.  per  sq»  in. 

.  .2i,otx> 

. ,  .24,000  '*     *'       *' 


t 


5    Arh;frAtit»a  Bar.     The  quality  of  the  iron  going  into  castings  under  specification  shall  be 

111  .1119  of  the  **  Arbitration  Bar."     This  is  a  bar  i  \  in.  in  cliameter  and  15  in.  long. 

If  ''1  as  stated  further  on  and  tested  transv^ersoly.     The  tensile  test  is  not  recom- 

!  I  ! ,  M  u-j-  It  is  callcii  for,  the  bar  as  shown  in  Fig.  1 ,  and  turned  up  from  any  of  the  broken 

ii    tr  tils  verse  test  shall  be  used.     The  expense  of  the  tensile  test  shall  fall  on  the  pur- 

6.   KufQber  of  Test  Bars.     Two  sets  of  two  bars  shall  be  cast  from  each  heat,  one  set  from  the 

J  t!  Th-   .  (flu  r  set  fnjin  the  last  iron  going  into  the  castings.     Where  the  heat  exceeds  twenty 

--ct  of  two  bars  shall  be  cast  for  each  twenty  tons  or  fraction  thereof  above  this 

>f  a  change  of  mixture  during  the  heat,  one  set  of  two  bars  shall  also  be  cast 

ift  other  than  the  regular  one.     Each  set  of  two  bars  is  to  go  into  a  single  mold* 

not  be  rumbled  or  otherwise  treated,  being  simply  brushed  off  before  testing. 


- "  'StModsrd  Thrinui 
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Fig,  t— Arbitration  Test  B.^r,    Tensile  Test  Piece, 

7.  Method  of  Testing.     The  transverse  test  shall  be  made  on  all  the  bars  cast,  with  supports 

3  in,  ap.irt,  load  appti*'«i  at  the  middle,  and  the  deflection  at  rupturt*  noted.     One  bar  of  every 

^unf  cich  M^t  marie  must  fulfil  the  requirements  to  permit  acceptance  of  the  castings  represented. 

».  Mold  for  Test  Bar.     The  mold  for  the  bars  is  shown  in  Fig.  2.     The  bottom  of  the  bar  is 

'j  I      -n.   \Ut  \n  diameter  than  the  top.  to  allow  for  draft  and  for  the  strain  of  pouring.     The 

t  be  rapped  before  withdrawing.     The  flask  is  to  be  rammed  up  with  green  molding 

impcr  than  usual,  well  mixed  and  put  through  a  No.  8  sieve,  with  a  mixture  of  one 

aiinous  facing.     The  mold  shall  be  rammed  evenly  and  fairly  hard,  thoroughly  dried 

ntil  it  b  cold.     The  test  l>ar  shall  not  be  removed  from  the  mold  until  cold  enough 

of  Testing,     The  rate  of  application  of  the  load  shall  be  from  20  to  40  seconds  for  a 

T  Analysis,     Borings  from  the  broken  pieces  of  the  "  Arbitration  Bar  *'  shall 
ilphur  determinations.     One  determination    for  each    mold    made    shall    be 
i  dispute,  the  standards  of  the  Ameri<^n  Foitndrymen's  Association  shad  be 
-   'n. 
I  J.  Finish.     1  'ill  lie  true  to  pattern,  free  from  cracks,  flaws  and  excessive  shrinkage. 

morhfT  rmpt^n*.  f!.  mfrirm  tf»  whatever  points  mav^  be  specially  agreed  upon. 

M»r  shall  have  rea.sonable  facilities  afforded  him  by  tlie  manu- 

hed  material  is  furnished  in  accordance  with  these  specifications. 

i,  la  far  as  possible,  be  made  at  the  place  of  manufacture  prior  to 


WROUGHT  IRON. — Wrought  iron  is  made  in  a  reverberator)'  furnace  from  pig  iron  or  from 
••  '   "*•     '  •  '-'  n  diivctly  from  the  blast  furnace.     The  hearth  of  the  reverlieratory  furnace  is 
r.ide  iron  ore  or  mill  scale,  which  acts  as  an  oxidizing  agent  for  reducing  t*- 
tddling  process  may  be  divided  into  four  stages:  First  or  melting  down  "^  con- 
*  mi^utes^  during  which  the  silicon  and  manganese  are  oxvivw:d  aiv4  ^  o 
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able  part  of  the  phosphorus  is  oxidized;  all  oxidised  products  uniie  wiih  the  slag, 
clearing  stage,  occupying  about  ID  minutes,  during  which  the  remaindex  of  the  silicon  i 
nese,  and  more  of  the  phosphorus  are  oxidized  and  removed  from  the  pig  iron.  Thir 
stage,  occupying  about  30  minutes,  in  which  nearly  all  the  carbon  is  removed  and  1 
remaining  phosphorus  is  removed.  Last  or  balling  stage,  occupying  about  20  minute 
the  metal  iB  gathered  by  the  puddler  into  balls  weighing  about  75  to  loo  lb. 
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Fig,  2.— Mold  for  Arbitration  Test  Bar. 

The  puddled  balls  of  iron  and  slag  are  hammered  or  are  run  through  rolls  to  sqtrt 
from  the  balls,  and  the  resulting  bars  are  called  muck  bars*     The  muck  l>ar  is  again  nch 
rcrollecj  and  the  resulting  product  is  commercial  merchant  bar. 

Wrought  iron  when  broken  in  tension  shows  a  fractured  section  irregular  and  fil»* 
strength  of  wrought  iron  varies  with  the  chemical  composition,  the  mechaniral  work] 
treatment  it  has  received.     The  strength  of  wrought  iron  is  given  in  Table  L  and  the  «p 
for  wrought-iron  bars  and  plates  as  adopted  by  the  American  Society  for  Testing  M-ilj 
as  follows: 


In  no  cu. 


TANDARD  SPECIFICATIONS  FOR  REFINED  WROUGHT^IRON   BARS 

OF   THE 

AMERICAN  SOCIETY  FOR  TESTING   MATERIALS, 
Adopted  August  25.  J913. 

L     MANUFACTURE. 

Proeett.  Refined  wrought-iron  bars  shall  be  maJe  wholly  from  puddled  iron,  and  may 
cither  of  new  muck-bar  iron  or  a  mixture  of  muck-bar  iron  and  scrap,  but  shall  be  free 
admixture  of  stecL 

II.     PHYSICAL  PROPERTIES  AND  TESTS. 

Tests,     (a)  The  iron  shall  conform  to  the  following  minimum  requirements  as 

krrtica : 

ngth«  lb.  per  sq.  in«.  .  ,  .  48,000 

ns  5  and  4.) 

ib.  per  sq.  in,- 25,000 

^^  ^  in,,  per  cent , » 22 

as) 

[The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine, 
r<i  <»f  Tht*  iTo&s-hcad  of  the  machine  shall  not  exceed  I J  in.  per  minuie. 
|F  "»te  Variations  in  Tensile  Strength,     Twenty  per  cent  of  the  test  j^pecimens  re- 

e  may  show  tensile  strengths  lotx)  lb,  jjer  »t].  in.  under  or  5000  lb.  per  sq,  in,  over 
ijii.*!  ill  Section  2;  but  no  s|xcimen  shall  show  a  tensile  strength  under  45,000  lb,  per  sq.  in. 
lodifications  in  Tensile  Strength.     For  flat  Ixirs  which  have  to  l:>e  reduced  in  widths  a 
lo<x»  lb.  per  sf-|.  in.  from  the  tensile  strength  sfKxilied  in  Sections  2  and  3  shall  lie 

lissible  Variations  in  Elongation.     Twenty  fx*r  cent  of  the  test  specimens  representing 
I  may  show  the  following  percentages  of  elongation  in  8  in,: 

RouKD  Bars, 

i  in,  or  over,  tested  as  rolled, 20  per  cent 

Under  J  in,,       *     16       " 

Rrcliiirfl  by  marhining,  .,,,,. , l8        ** 

Flat  Bars. 

tin*  or  over,  tested  as  rolled, ,  18  per  cent 

ndr.r  I  in.,       *\    "      "     16      " 

Reduced  by  machining.  ....,.,..  16       '* 

|Bend  Tests-     {a)    Cold-bend  Tests, — Cold-bend  tests  will  he  macie  only  on  liars  having  a 
iriM  u(  4  sq.  in.  or  under,  in  which  case  the  test  specimen  shall  Ix^nd  cold  through  180  deg. 

■"  ^^ ^  -^  ■  of  the  Ijcnt  pirttem,  around  a  pin  the  tliameter  of  which  is  equal 

•ss  of  the  specimen. 

i        test  specimen,  when  heated  to  a  temperature  between  1700°  and 

kil  twnd  through  180  deg.  without  fracture  on  the  outside  of  the  bent  portion,  as  follows: 

under  2  sq.  in,  in  section,  flat  on  itself;  for  round  bars  2  sq.  in.  or  over  in  section 

Nif  flat  bars,  around  a  pin  the  diameter  of  which  is  equal  to  the  diameter  or  thickness  of 

:imcn» 

)'bend  Tests. — The  test  specimen,  when  nicked  25  per  cent  around  for  round  bars, 

'  side  for  flat  bars,  with  a  tool  having  a  60-rleg.  cutting  edge,  to  a  depth  of  not  less 

^than  16  ptT  cent  of  the  diameter  or  thickness  of  the  specimen,  and  broken,  shall 

m  10  per  cent  of  the  fractured  surface  to  be  crystalline, 

mav  be  made  by  pressure  or  by  blows. 

Tests.*     The  cross-section  of  the  test  specimen  shall  be  ground  or  polishe<i,  and  etched 

W  period  to  develop  the  structure.     This  test  shall  show  the  material  to  be  free  from 


^•Qlti^oo  of  two  parts  water,  one  part  concentrated  hydrochloric  acid,  nnd 
"^  ttilphuric  acid  is  recommendcci  for  the  etch  test. 
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8.  Test  Specimens,  (a)  Tension  and  bend  test  specimens  shall  be  of  the  full  section  of. 
material  as  rolled,  if  possible.  Otherwise,  the  specimens  shall  be  machined  from  the  materiii 
as  rolled;  the  axis  of  the  specimen  shall  be  located  at  any  point  one-half  the  distance  from  tlw 
center  to  the  surface  of  round  bars,  or  from  the  center  to  the  edge  of  flat  bars,  and  shall  be  paralkf 
to  the  axis  of  the  bar. 

(b)  Etch  test  specimens  shall  be  of  the  full  section  of  material  as  rolled. 

9.  Number  of  Tests,     (a)  All  bars  of  one  size  shall  be  piled  separately.     One  bar  from 
100  or  fraction  thereof  will  be  selected  at  random  and  tested  as  specified. 

(b)  If  any  test  specimen  from  the  bar  originally  selected  to  represent  a  lot  of  material,  conl 
surface  defects  not  visible  before  testing  but  visible  after  testing,  or  if  a  tension  test  spedoKi 
breaks  outside  the  middle  third  of  the  gage  length,  one  retest  from  a  different  bar  will  be  allovei 

III.    PERMISSIBLE  VARIATIONS  IN  GAGE. 

10.  Pennissible  Variations,     (a)  Round  bars  shall  conform  to  the  standard  limit  gages adoptel 
by  the  Master  Car  Builders'  Association  in  1883. 

(b)  The  width  or  thickness  of  flat  bars  shall  not  vary  more  than  2  per  cent  from  that 

IV.    FINISH. 

11.  Finish.    The  bars  shall  be  smoothly  rolled  and  free  from  slivers,  depressions, 
crop  ends,  and  evidences  of  being  burnt. 

V.     INSPECTION  AND  REJECTION. 

12.  Inspection,     (a)  The  inspector  representing  the  purchaser  shall  have  free  entry,  at 
times  while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  mai 
facturer's  works  which  concern  the  manufacture  of  the  material  ordered.     The  manufactmof 
shall  afford  the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  matei^ 
being  furnished  in  accordance  with  these  specifications.     Tests  and  inspection  at  the  place  cf 
manufacture  shall  be  made  prior  to  shipment. 

(b)  The  purchaser  may  make  the  tests  to  govern  the  acceptance  or  rejection  of  materiii  it 
his  own  laboratory  or  elsewhere.     Such  tests,  however,  shall  be  made  at  the  expense  of  the  purchase 

13.  Rejection.     All  bars  of  one  size  will  be  rejected  if  the  test  specimens  representing  thit 
size  do  not  conform  to  the  requirements  specified. 


STANDARD  SPECIFICATIONS  FOR  WROUGHT-IRON   PLATES 

OF   THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  August  25,  1913. 

1.  Classes.    These  specifications  cover  two  classes  of  wrought-iron  plates,  namely: 

Class  A ,  as  defined  in  Section  2  (b) ; 
Class  B,  as  defined  in  Section  2  (c). 

I.     MANUFACTURE. 

2.  Process,     (a)  All  plates  shall  be  rolled  from  piles  entirely  free  from  any  admixture  of  stccL 
(6)  Piles  for  Class  A  plates  shall  be  made  from  puddle  bars  made  wholly  from  pig  iron  and 

such  scrap  as  emanates  from  rolling  the  plates. 

(c)  Piles  for  Class  B  plates  shall  be  made  from  puddle  bars  made  wholly  from  pig  iron  ct 
from  a  mixture  of  pig  iron  and  cast-iron  scrap,  together  with  wrought-iron  scrap. 

II.     PHYSICAL   PROPERTIES  AND  TESTS. 

3.  Tension  Tests.    The  plates  shall  conform  to  the  following  minimum  requirements  as  t 

tensile  properties: 


{ 
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CuKss  A,                    1                     Class  B* 

Pti>0eftiea  Considered. 

6  In.  to  24  la., 
in  Width* 

Over  34  In* 

to  90  in-,  li^-f 

in  Width. 

6  In.  to  24  In.» 

IncL. 

in  Width. 

Over  34  In. 

to  00  In>.  IncL. 

m  Width. 

!          '     W  per  sq,  ia. 

I                    r  sq.  in« .  .  ,^«,  * « •  i«  , . . 
ii„  .^  .  .w.,  per  ccat.  *..,..,.»*,, 

L     _       . 

49.«x> 

26,000 

|6 

48,000 

26,000 

12 

48,000 
26,000 

47.000 

26,000 

to 

iifications  In  Elangation,     For  plates  under  ^  m.  in  thickness,  a  deduction  of  i  from 
p  oi  elongation  sijecified  in  Section  3  hhall  be  made  for  each  decrease  of  1^  in,  in 

A  in- 

(a)    Cold-bend  Tests, — ^The  test  specimen  shall  bend  cold  through  90  deg. 

««?  on  the  outside  of  the  bent  portion,  as  foltows:  For  Class  A  plates^  around  a  pin 

r  of  which  is  equal  to  li  times  the  thickness  of  the  specimen;  and  for  Class  B  plates, 

h      '  ter  of  which  b  equal  to  5  times  the  thickness  of  the  specimen. 

'  . — The  test  sptM;jmcn,  whLMi  nicked  on  one  side  and  broken^  shall  show 

X'     ..  .^  i  »lly  fibrous  fracture,  and  for  Class  B  plates,  not  more  than  10  per  cent  of 

rface  tu  be  crysianine. 

.      ens.     Tension  and  bend  test  specimens  shall  be  taken  from  the  finished  plates 
I!  be  of  the  full  thickness  of  plates  as  rolled.     The  longitudinal  axis  of  the  si>ecinjen  shall 
\  to  the  direction  in  which  the  plates  are  rolled. 

iber  of  Tests-     ia)  One  tension,  one  cold-bend  and  one  nick-bend  test  shall  be  made 
tion  in  thickness  of  i  in.  and  not  less  than  one  test  for  every  ten  plates  as  rolled. 
test  specimen  fails  to  conform  to  the  requirements  specified  through  an  apparent 
t»t  shall  be  taken;  and  should  the  retest  fail,  the  plates  represented  by  such  test 

IIL     FINISH. 

The  plates  shall  be  straight,  smooth  and  free  from  cinder  spots  and  holes,  and 
Qjurious  flaws,  buckles,  blisters,  scams  and  laminations. 


rV.    INSPECTION  AND   REJECTION. 

{a)  The  inspector  representing  the  purchaser  shall  have  free  entr>f  at  all 
'•n  the  contract  of  the  purchastT  is  being  jjerformed,  to  all  parts  of  the  manu- 
!iich  concern  the  manufacture  of  the  plates  ordered      The  manufacturer  shall 
r,  free  of  cost,  all  reaB4>nable  facilities  to  satisfy  him  that  the  plates  are  being 
LortUnce  with  these  specifications.     Tests  and  inspection  at  the  place  of  matiu- 
marie  prior  to  shipment, 
"purchaser  may  make  the  tests  to  govern  the  acceptance  or  rejection  of  plates  at  his 
Itory  or  elsewhere.     Such  tests,  however,  shall  be  made  at  the  expense  of  the  purchaser. 

p* — ^Thc  three  principal  methods  for  the  manufacture  of  steel  are  (r)  the  crucible 
-^•mer  process,  and  (3)  the  opc*n-hearth  proc^ess.  The  crucible  process  is  used 
-1  The  Bessemer  process  is  used  for  making  structural  steel,  but  on  account 
•i  high  grade  on:-  for  a  satisfactory^  steel,  and  the  difficulty  of  control,  it  is  now 
need  by  the  open-hearth  process.  The  following  destription  of  the  methods  of 
\  of  steel  ia  taken  from  Kent*s  *'  Mechanical  Engineer's  Pocket-Book,"  page  451,  8th 

HO. 

Attfactiife  of  Steel* — Cast  steel  is  a  malleable  alloy  of  iron,  cast  from  a  fluid  mass. 

iron,  which  is  not  malleable,  by  being  much  lower  in  carlxjn,  and  from 

I  from  a  pasty  mass,  by  being  free  from  intermingled  slag.     Blister 

wrought  iron,  made  by  the  "  cementation  '*  process,  which  consists 

at  a  red  heat  for  some  days  in  contact  \^ath  charcoal.     Not  over  2 

'*      The  surface  of  the  iron  ts  covered  with  small  blisters,  suppose<Jly 

.;.     Other  wTought  st<?els  were  formerly  made  by  direct  processes 

Tg  process  from  wrought  iron,  but  these  steels  are  now  replaced 

-.  however,  still  ns^  as  a  raw  material  in  the  manufacture  of  crucible 

;  roccsa  of  surface  cementation. 
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Crucihle  St^d  is  commofily  made  in  pots  or  crucibles  holding  about  80  pounds  of  nMtdj 
The  raw  material  may  be  steel  scrap;  blister  steel  bars;  wrought  iron  with  charcoal;  cast  in)n«^ 
wrought  iron  or  with  iron  ore;  or  any  mixture  that  will  produce  a  metal  having  the  desired  chtmlcrf 
constitution.  Manganese  in  some  form  is  usually  added  to  prevent  oxidation  of  the  iron,  Sa« 
silicon  is  usually  abst)rlx*d  from  the  crucible,  and  carbon  als«>  if  the  crucible  is  made  of  ^phin 
and  clay.  The  crucible  lieing  covered,  the  steel  is  not  affected  by  the  oxyjjen  or  -iiulphur  ittt|i| 
flame      The  quality  of  crucible  steel  depends  on  the  freedom  from  objection  il  '  jdH 

phosphorus,  in  the  mixture,  on  the  complete  removal  of  oxide,  slag  and  I  (^| 

melting  "  or  **  killing  "  before  pouring*  and  on  the  kind  and  quantity  of  difttir.  ju  t  i* m*  ntn  ^| 
are  added  in  the  mixture,  or  after  melting,  tc»  give  particular  qualities  10  the  steel,  such  saodH 
manganese,  chromium,  tungsten  and  vanadium.  ^H 

Beasemet  Steel  is  made  by  blowing  air  through  a  bath  of  melted  pig  iron.  The  oiA^eBC 
the  air  first  burns  away  the  silicon,  then  the  carbon,  and  before  the  carbon  is  entirely  burned iMH 
begins  to  burn  the  iron.  Spiegeleiscn  or  ferro- manganese  is  then  added  to  deoxidize  the  ^fl 
and  to  give  it  the  amount  of  carbon  desired  in  the  finished  steel.  In  the  ordinar\'  or^'a^H 
Bessemer  process  the  lining  of  the  converter  is  a  silicious  material,  which  has  no  effect  oit^| 
phorus,  and  all  the  phosphorus  in  the  pig  iron  remains  in  the  stt'el.  Jn  the  **  basic  *'  or  Th^f 
and  Gilchrist  protx»s.5  the  lining  is  of  magnesian  limestone,  and  limestone  additions  are  madcun 
bath,  so  as  to  kwp  the  slag  basic;  and  the  phosphorus  enters  the  slag.  By  this  process  wtsfl 
were  formerly  unsuited  to  the  manufacture  of  steel  have  been  made  available.  1 

Opeu-kmrth  Steel. — Any  mixture  that  may  be  used  for  making  steel  in  a  crucible  maylH 
be  melted  on  the  open  heirth  of  a  Siemens  regenerative  furnace,  and  may  be  desiliconizcd  J 
decarbonized  by  the  action  of  the  flame  and  by  additions  of  iron  ore,  deoxidi/ed  by  the  actditf 
of  spiegeleiscn  or  ferro- manganese,  and  recarbonized  by  the  same  additions  or  by  pig  iron.    Iftfl 
most  common  form  of  the  process  pig  iron  and  scrap  steel  are  melted  together  on  the  heftrtluil 
after  the  manganese  has  been  added  to  the  bath  it  is  tapped  into  the  ladle.     In  the  Talbot  Dfil 
a  large  bath  of  melted  material  is  kept  in  the  furnace,  melted  pig  iron,  taken  from  ^  ^  '  ■  *  *■■—** 
is  added  to  it,  and  Iron  ore  is  added  which  contributes  its  iron  to  the  melted  metal 
decarbonizes  the  pig  iron.     VV'hen  the  dccarbonization  has  proceeded  far  enough,  1 
b  added  to  destroy  iron  oxide,  and  a  portion  of  the  metal  is  tapped  out,  leaving  the  r> 
receive  another  charge  of  pig  iron,  and  thus  the  process  is  continued  indefinitely.     In  1 
process  melted  cast  iron  is  desiliconized  in  a  Bessemer  converter,  and  then  run  into  an  ^ 
nearth,  where  the  steel-making  operation  is  finished. 

The  o[K.'n- hearth  process,  like  the  Bessemer,  may  be  either  acid  or  basic,  according  to  I 
character  of  the  lining.  The  basic  process  is  a  dephosphorizing  one,  and  is  the  one  most  gencni 
available,  as  it  can  use  pig  irons  that  are  either  low  or  high  in  phosphoruft. 

Strength  of  SteeL — The  properties  most  desired  in  steel  arc  strength  and  ductility. 
iron  has  a  tensile  strength  of  about  40,000  lb.  per  sq.  in.  and  is  very  ductile.     This  streaftli 
usually  increased  by  the  impurities  found  in  steel. 

Carbon  is  the  important  impurity  as  it  gives  strength  with  the  least  decrease  in 
Campbell  states  that  each  0.01  per  cent  of  carbon  will  increase  the  strength  of  acid  o^)MJ 
steel  by  1000  lb.  jjer  sq.  in.,  and  of  basic  open-hearth  steel  by  770  lb.  per  sq,  in*     The  maxisil 
tensile  strength  of  steel  is  reached  with  0.9  to  1,0  per  cent  of  carbon. 

Silicon  has  little  efTect  on  the  strength  of  rf>llpd  steel,  but  in  castings  0.3  to  0.4  per  cxst 
silicon  increases  the  tensile  strength  of  steel  castings  and  pnxluces  soundness. 

Sulphur  has  little  effect  on  the  strength  of  open-hearth  steel,  but  it  produce*  **  red-shorr«^ 
and  produces  checks  and  cracks  during  the  rolling  or  during  the  crxtling  of  castings. 

Phosphorus   increases  the  staiic  strength  of  steel  about  1000  lb.  for  each  0,01  frr  cent 
phosphorus.     The  increase  in  strength  is  obtained  at  a  great  loss  in  ductility  and  producers 
that  is  brittle  and  unreliable. 

Manganese  when  above  0.3  to  0.4  per  cent  incix^ases  the  tensile  strength  of  fitc<'l.  T 
increase  in  strength  above  0.4  per  cent  is  ab<:iut  300  lb.  per  sq,  in.  for  acid  open-hearth  and  130 
per  sq.  in.  for  basic  open-hcarth  steel  for  each  additional  o.oi  per  cent  of  manganese. 

From  the  above  discussion  it  will  be  seen  that  if  certain  physical  characteristics  arc 
in  a  steel  the  manufacturer  must  be  left  free  to  v^r>^  part  of  the  impurities.     For  exsun] 
high  g^dc  structural  steel  with  an  ultimate  tensile  strength  of  60,000  lb.  per  sq.  in.  is  dcsii 
phosphorus  and  sulphur  may  be  limited  in  addition  to  the  prescribed  physical  limits  if  the 
/A  ieft  open. 
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I  for  Tensile  Strexigth. — Campbell  gives  the  following  formulas  for  the  strength  of 
n- hearth  steels: 

Ultimate  strength  =  40,000  +  1000  C  +  1000  P  +  X.Mn  +  R. 
I,  Ultimate  strength  ^  41,500  -j-  770  C  +  1000  P  +  X.Mn  +  R. 
ulas*  C  =  0*01  per  cent  citrbon,  P  =  0,01   phosphorus,  Mn  =  o.oi  per  cent 
0.4  per  cent  for  acid  and  above  0.3  |>er  cent  for  basic  steel,  and  R  ta  a  variable 
heat  tn.*atmcnt  of  the  steeL     The  coefficient  of  Mn.  X.  varies  as  follow**: 
O.JQ  per  cent  carbon.  X  =  80,  and  for  0.60  per  cent  carbon,  X  =  480  and  pro- 
lediate  values;  while  for  basic  steel,  for  0,05  per  cent  carbon,  X  =  I  lo,  and  for 
['carbon,  X  ^  250  and  proportional  for  intermediate  values, 

Steels. — The  following  special  steels  have  been  used.  Nickel  is  used  as  an  alloy  for 
il  other  kinds  of  steel,  the  specifications  for  structural  nickel  steel  of  the  American 
Srsting  Materials  rcc|uire  that  there  be  not  lesj*  than  3!  per  cent  of  nickcL  Chrome 
eel  with  aluiut  0.5  per  cent  chromium^— was  used  in  the  Eads  bridge  in  187  j ,  Lhro- 
in  combination  with  nickel,  making  Chroniium-nicket  steel;  with  vanadium. 
*vana4ium  steel,  ami  with  both  nickel  and  vanadium,  making  Chromium- 
;ecl»  Coppi't  steels  are  those  having  from  i  to  4  per  cent  of  coppi-r,  carbon  being 
t*     Murt^onefe  steel  with  from  6  to  12  per  cent  manganese  ta  very  tough  and 


for  Stnictural  Steel. — The  allowable  stresses  for  structural  steel  are  given  in 
in  the  specifications  of  the  American  Society  for  Testing  Materials  which  follow. 
sses  in  Steel  and  Iron. — The  allowable  stresses  for  steel  frame  mill  buildings  are 
ihcations  fr»r  Stwl  Frame  Buildings,'*  in  Chapter  L  The  allowable  stresses 
[dings  are  given  in  the  *' Specifications  for  Stei^l  Office  Builrlings;**  in  Chapter  IL 
iscs  for  steel  highway  bridges  are  given  in  the  "Sfxrcificarions  fur  Sfx'l  Highway 
tltaptcr  HI.  The  allowable  stresses  for  steel  railway  bridges  are  given  in  the  " Spi3ci- 
Steel  Railway  Bridges,"  in  Chapter  IV.  The  allowable  stresses  in  steel  bins  are 
ptrr  \Tll,  p.  313.  The  allowable  stresses  for  stc:'!  grain  bins  arc  gixxn  in  Chapter 
The  allowable  stresses  in  steei  head  frames  and  coal  tipples  are  given  in  the  **Speci- 
kecl  Head  Frames  and  Coal  Tipples,  Washers  and  Breakers."  in  Chapter  X.  The 
steel  stand-pipes  and  elevated  tanks  are  given  in  the  "Specifications  for 
>k*  on  Tow?:rs  and  for  Stand-Pipes,"  in  Chapter  XL  The  allowable  stresses 
ca*t  irrm  details  in  timber  bridges  are  the  same  as  for  stetH  railway  bridges  given 
The  allowable  stresses  in  steel  reinforcement  are  given  on  f>age  52I. 
— In  a  paper  entitled  "Nickel  Steel  for  Bridges"  by  Mr.  J.  A.  L,  Waddefl.  in 
C.  E*.  Vol.  63,  June  1909,  the  allowable  unit  stress  in  lb.  per  sq.  in.  for  carbon 
«•  18,000  —  70  iff,  and  for  nickel  steel  as  P  =  3o,tKX3  —  t2o  Iff,  where  /  is  the 
le  corresponding  radius  of  gyration,  both  in  inches.  The  impact  coefEcient 
^addell  is  given  on  page  161. 
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TABLE  I. 
Strength  Properties  of  Structural  Steel  and  Iron — ^American  Society  for  Tes* 

Materials,  Year  Book,  1913. 


Metal. 


Tensile  Strength.  Lb.  Sq.  In. 


Ultimate. 


Elastic  Limit. 


Minimum  Elongation. 
Per  Cent. 


In  8  In.        In  2  In. 


Reduct 
of  An 
PerCc 


BRIDGES 
Structural  Steel. 


Rivet  Steel 

BUILDINGS 
Structural  Steel. 


Rivet  Steel 

SHIPS 
Structural  Steel. 


Rivet  Steel 

BOILER  AND  RIVET  STEEL 
Flange  Steel 


Firebox  Steel 

Boiler  Rivet  Steel. 


STRUCTURAL  NICKEL  STEEL 
Plates,  Shapes  and  Bars 


SS,ooo-65,cxx) 
48,000-58,000 
55,000-65,000 
48,000-58,000 
58,000-68,000 
55,000-65,000 
55,000-65,000 
52,000-62,000 
45,000-55,000 

85,000-100,000 


Eye-bars  and  rollers  (unannealed)     95,000-110,000 
Eye-bars  and  Pins  (annealed).  . .  .     90,000-105,000 

Rivet  Steel 70,000-80,000 

BILLET-STEEL  REINFORCEMENT  BARS 

55,000-70,000 


Plain ' 


'  Structural. 
.  Hard 


( Structural. 
Deformed  \ 

[  Hard 


Cold  Twisted 

RAIL  STEEL  REINFORCEMENT  BARS 


80,000  min. 

55,000-70,000 

80,000  min. 
recorded  only 


Plain . 


Z 


Deformed  and  Hot-twisted. 
WROUGHT  IRON 

Refined  Bars 

Plates 

STEEL  CASTINGS 

Hard   

Medium   

Soft 

GRAY  IRON  CASTINGS 

Light  Castings. 

Medium  Castings 

Heavy  Csistings 

MALLEABLE  CASTINGS . 


80,000 

80,000 

48,000 
47,000-49,000 

80,000 
70,000 
60,000 

18,000 
21,000 
24,000 

40,ocx> 


ultimate 
ultimate 
ultimate 
ultimate 
ultimate 
ultimate 
ultimate 
ultimate 
ultimate 

50,000 

55,000 
52,000 
45,000 

33,000 

50,000 

33,000 

50,000 
55,000 

50,000 

50,000 

25,000 
26,000 

36,000 
31,500 
27,000 


1,500,000 


ultimate 
1,5000,00 


ultimate 
1,400,000 


ultimate 
1,400,000 


22 


22 


ultimate 
1,500,000 


ultimate 
1,500,000 


ultimate 
1,500,000 


ultimate 
1,500,000 


ultimate 
1,500,000 


^  ultimate 
(not  greater  than  30) 
'  1,500,000 


ultimate 
,500,000 


ultimate 

20 
1,500,000 


ultimate 
1,400,000 
ultimate 
1,200,000 


ultimate 
1,250,000 


ultimate 
1,000,000 


ultimate 
5 

1,200,000 


ultimate 
1,000,000 


ultimate 

22 
10  to  16 


16 


20 


25 
35 
40 


18 


20 
25 
30 


fANDARD  SPECIFICATIONS  FOR  STRUCTURAL  STEEL  FOR  BUILDINGS 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  August  25.  1915* 

U    MANUFACTURE. 

Process,     (a)  Structural  steel,  except  as  noted  in  Paragraph  (h),  may  be  made  by  the 
or  the  0|)i'n- hearth  process, 
I)  Rivet  steel,  and  steel  for  plates  or  angles  over  f  in,  in  thickness  which  are  to  be  punched, 
I  be  made  by  the  open- hearth  process. 

IL    CHEMICAL   PROPERTIES  AND  TESTS. 

Compositicm.     The  steel  shall  conform  to  the  following  requirements  as  to 
lomiposition; 

SinucTURAL  Steel.  Rivet  Steel* 

f  Bessemer. 


I  Open-hearth, 


not  over  0.10  per  cent 
"      *'     0,06 


not  over  0.06  per  cent 
****....  "      "      0.045     " 

Lftdle  Analyses.     An  analysis  to  determine  the  percentages  of  carbon,  manganese,  phos- 
^aitil  suli)hur  gihall  tie  made  by  the  manufacturer  from  a  test  ingot  taken  during  ihc  pouring 
I  mclii,  a  copy  of  which  -shall  be  given  to  the  purchaser  or  his  representative.     This  analysis 
form  to  the  requirements  sperified  in  Section  2. 

ck  Analyses*     Analyses  may  be  made  by  the  purchaser  from  finished  material  re- 
[jtach  mdt,  in  which  case  an  excess  of  25  percent  above  the  requirements  specified  in 
lU  be  allowed. 

III.     PHYSICAL   PROPERTIES  AND  TESTS. 

Tensioii  Tests,     (a)  The  material  shall  conform  to  the  following  requirements  as  to  tensile 
ie%; 


Propertiea  Coiuidered. 

ftrenpth,  lb.  per  sq.  in,.  . . 
III.  min.,        "       "      ._ 

I  in  S  in.,  min.,  per  cent 
in  2  in.         "       *' 


StnictumJ  Sted. 


55.ooo-65.cx)0 

0.5  tens.  sir. 

1,400,000^ 

Tens.  str. 

22 


Rivet  Steel. 


48.000-58.000 

0.5  tens.  str. 

1,400,000 

Tens.  5tr. 


(h)  Tbc  yield  point  shall  he  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

6.  Modifier'!   r     In  T!        i^f  n,     (a)  For  structural  steel  over  |  in.  in  thickness,  a  deduction 

fmm  the  1  lion  in  8  tn.  sjx'cificd  in  Section  5(a)  shall  be  made  for  each 

«f  '  "  .^  .,.,,..  }in. 

W^  F  » tl  under  A  »"-  in  thickness,  a  dwiuction  of  2.5  from  the  percentage  of 

_    ion  ,       ltd  in  Section  5(a)  shall  be  made  for  each  decrease  of  ^  in.  in  thickness 

>^  ^  in, 

Betsd  Tests.     M  The  test  specimen  for  plates,  shapes  and  bars  shall  bend  cold  through 

on  the  outside  of  the  bent  portion,  as  follows:  For  material  }  in.  or  under 

for  material  over  J  in.  to  and  including  1 1  in.  in  thickness,  around  a  pin 

kl  tn  the  thickness  of  the  spjccimen;  and  for  material  over  ij  in.  in 

meter  of  which  is  equal  to  twice  the  thickness  of  the  specimen. 

^^>  -  r  n-  and  rollers  shall  bend  cold  through  180  deg.  around  a  l-in. 

'    of  the  bent  portion. 

,      ^  ..^t  steel  shall  liend  cold  through  iSo  deg.  flat  on  itself  without 

rm  the  outside  oif  the  bent  portion. 
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8.  Test  Specimens,  (a)  Tension  and  bend  test  specimens  shall  be  taken  from  the  finished 
rolled  or  forged  material,  and  shall  not  be  annealed  or  otherwise  treated,  except  as  specified  it 
Paragraph  (b), 

{b)  Tension  and  bend  test  specimens  for  material  which  is  to  be  annealed  or  otherwise  treatd 
before  use,  shall  be  cut  from  properly  annealed  or  similarly  treated  short  lengths  of  the  full  secdoi 
of  the  piece. 

(c)  Tension  and  bend  test  specimens  for  plates,  shapes  and  bars,  except  as  specified  in  Pftn- 
graph  (d)t  shall  be  of  the  full  thickness  of  material  as  rolled;  and  may  be  machined  to  the  form  aad 
dimensions  shown  in  Fig.  i ,  or  with  both  edges  parallel. 


K-Aboata-V    ^i 

LJL 


i 


,iw  !  J ' 


:♦   ♦  ♦ 


:C 


--^l-i^l'i^Etc 


—About  18" 
Fig.  I. 


a 


Fig.  2. 

(d)  Tension  and  bend  test  specimens  for  plates  and  bars  over  1 1  in.  in  thickness  or  diaoMttr 
may  be  machined  to  a  thickness  or  diameter  of  at  least  }  in.  for  a  length  of  at  least  9  in. 

(e)  The  axis  of  tension  and  bend  test  specimens  for  pins  and  rollers  shall  be  i  in.  from  tk 
surface  and  parallel  to  the  axis  of  the  bar.  Tension  test  specimens  shall  be  of  the  form  and  di- 
mensions shown  in  Fig.  2.     Bend  test  sp)ecimens  shall  be  i  by  J  in.  in  section. 

(J)  Tension  and  bend  test  sp)ecimens  for  rivet  steel  shall  be  of  the  full-size  section  of  bars  tf 
rolled. 

9.  Niunber  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt; 
except  that  if  material  from  one  melt  differs  |  in.  or  more  in  thickness,  one  tension  and  one  bend 
test  shall  be  made  from  both  the  thickest  and  the  thinnest  material  rolled. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  an  8-in.  tensi* 
test  sf)ecimen  breaks  outside  the  middle  third  of  the  gage  length,  or  if  a  2-in.  tension  test  spednm 
breaks  outside  the  gage  length,  it  may  be  discarded  and  another  specimen  substituted. 

IV.     PERMISSIBLE  VARIATIONS   IN  WEIGHT  AND   GAGE. 

10.  Permissible  Variations.  The  cross-section  or  weight  of  each  piece  of  steel  shall  not  vaiy 
more  than  2.5  per  cent  from  that  specified;  except  in  the  case  of  sheared  plates,  which  shall  be 
covered  by  the  following  permissible  variations  to  apply  to  single  plates: 

(a)   When  Ordered  to  Weight. — For  plates  12 J  lb.  per  sq.  ft.  or  over: 
Under  100  in.  in  width,  2.5  per  cent  above  or  below  the  specified  weight; 
100  in.  in  width  or  over,  5  per  cent  above  or  below  the  specified  weight. 
For  plates  under  I2i  lb.  per  sq.  ft.: 

Under  75  in.  in  width,  2.5  per  cent  above  or  below  the  sf)ecified  weight; 
75  to  100  in.,  exclusive,  in  width,  5  per  cent  above  or  3  per  cent  below  the  specified  ^'cigw; 
100  in.  in  width  or  over,  10  per  cent  above  or  3  per  cent  below  the  specified  weight. 
(6)   When  Ordered  to  Gage, — The  thickness  of  eacn  plate  shall  not  vary  more  than  coi  1^ 
under  that  ordered. 

An  excess  over  the  nominal  weight  corresponding  to  the  dimensions  on  the  order  shaUJj 
allowed  for  each  plate,  if  not  more  than  that  shown  in  the  following  table,  one  cubic  inch  of  roUw 
steel  being  assumed  to  weigh  0.2833  lb. : 
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Allowable,  Excess  (exfres^seo  as  psRce?(TAG&  of  Nouinai.  Weight).          J 

Mlpcp 

Kominal 

For  Width  of  Plate  a«  foilow: 

^^B 

fterSq.  Ft 

Under  so 

so  to  70 

70  In.  or    '  Under  75 

75  to  100     xoo  to  IIS 

lis  In.  OT 

^H 

In. 

In^Eid. 

Over, 

lii. 

In.,  ExcL      In..  Exd. 

Over. 

IvA 

5.10  to    6-37 

XO 

15 

10 

1 

^f 

6.17"     7.6s 

8.5 

I2.S 

17 

7,65  **    10.20 

7 

10 

ts 

^M 

10.  ao 

10 

H 

18 

^B 

1^75 

8 

iz 

16 

^B 

H$o 

7 

10 

13 

17 

^K 

17-H 

6 

8 

10 

13 

^H. 

20.40 

5 

7 

9 

12 

^^( 

M.95 

iS 

6.5 

2-5 

It 

^B 

IS-SO 

4 

6 

8 

10 

^K  ' 

-•        1       •• 

3'S 

S 

6.S 

9 

V.    FINISH, 

Finish*    The  finished  material  shall  be  free  from  injurious  defects  and  shall  have  a  work- 
ftni^h . 

\T.    MARKING. 

12.  ICarking.     The  name  or  brand  of  the  manufacturer  and  the  melt  number  shall  be  legibly 

^ped  or  rolled  on  all  finished  material,  except  that  rivet  and  lattice  bars  and  other  small  sections 
,  »-hen  loaderl  for  shipment,  be  prot^>erly  separated  and  marked  for  identification.  The 
^ntification  marks  shall  be  legibly  stamixxJ  on  the  end  of  each  pin  and  roller.  The  melt  number 
Ml  be  legibly  marked^  by  stamping  if  practicable^  on  each  te&t  specimen. 

I  VI L     INSPECTION   AND    REJECTION. 

13.  laspectioiL     The  inspector  representing  the  purchaser  shall  ha\'e  free  entry,  at  all  times 
work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 

"  vrhich  concern  the  manufacture  of  the  material  ordered.     The  manufacturer  shall  afford 

ctor,  free  of  cost,  all  rejsonable  facilities  to  satisfy  him  that  the  material  islieing  furnished 

a  nee  with  these  specifications.     All  tests  feitcept  check  analyses)  and  inspection  shall  be 

he  place  of  manufacture  prior  to  shipment,  unless  othenvise  specified,  and  shall  be  so 

ted  as  not  to  interfere  unnecessarily  with  the  ofxrration  of  the  works. 

Rejection^     (a)  Unles^s  otherwise  specified,  any  rejection  based  on  tests  made  in  ac- 

HI  4  shall  l*e  reported  within  five  working  days  from  the  receipt  of  samples* 

1  ii  h  shows  injurious  defects  subsequent  to  its  acceptance  at  the  manufacturer's 

-  i.    ...J,  and  the  manufacturer  shall  be  notified. 

Iiearing,     Samples  tested  in  accordance  with  Section  4,  which  represent  rejected 

all  l»e  pres<;n.'ed  for  two  weeks  from  the  date  of  the  test  report.     In  case  of  dissatis- 

Fwfth  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that 


fANDARD  SPECIFICATIONS  FOR  STRUCTURAL  STEEL  FOR  BRIDGES 

OF   THE 

AMERICAN  SOCIETY   FOR  TESTING   MATERIALS, 
AiHiipTED  August  25,  1913. 

L     MANUFACTURE. 

The  Standard  Specifications  for  Steel  Castings  adopted  by  the  American 
^  Materials,  are  hereby  made  a  part  *A  these  specifications,  and  shall  govern  the 
I  castings  for  bridges,* 
The  steel  shall  be  made  by  the  open-hearth  process. 

r  1  S petrifications  for  Steel  Cast  injfs  for  the  purchase  of  castings  for  bridges, 
oih  the  clais  and  grade  of  casting  desired. 
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II.  CHEMICAL  PROPERTIES  AND  TESTS. 

3.  Chemical  Composition.  The  steel  shall  conform  to  the  following  requirements  ii  t» 
chemical  comp>osition: 

Structural  Stkbl.  Rivkt  Stssl. 

Pk«„.>k^...,o  /  Acid not  over  0.06  not  over  0.04  per  cent 

Phosphorus!  B^3j^ u      ..    Q^^  u     u     ^2r  " 

Sulphur "       "     0.05  "      "     0.04      " 

4.  I#adle  Analyses.  An  analysis  to  determine  the  percentage  of  carbon,  manganese,  phai- 
phorus  and  sulphur  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  during  the  pouna^ 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.  This  analys 
shall  conform  to  the  requirements  specified  in  Section  3. 

5.  Check  Analyses.  Analyses  may  be  made  by  the  purchaser  from  finished  material  refire' 
senting  each  melt,  in  which  case  an  excess  of  25  per  cent  above  the  requirements  specified  it 
Section  3  shall  be  allowed. 

III.  PHYSICAL  PROPERTIES  AND  TESTS. 

6.  Tension  Tests,  (a)  The  material  shall  conform  to  the  following  requirements  as  to  tensile 
properties: 


Properties  Considered. 


Tensile  sfength,  lb.  per  sq.  in 

Yield  point,  min.,  lb.  per  sq.  in 

Elongation  in  8  in.,  min.,  per  cent. . 

Elongation  in  2  in.,  min.,  per  cent.. 


Structural  Steel. 


55,000-65,000 

0.5  tens.  str. 

1,500,000^ 

Tens.  str. 

22 


Rivet  Steel. 


48,000-58,000 

0.5  tens.  str. 

1,500,000 

Tens.  str. 


(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine, 

7.  Modifications  in  Elongation,  (a)  For  structural  steel  over  f  in.  in  thickness,  a  deductios 
of  I  from  the  percentage  of  elongation  in  8  in.  specified  in  Section  6  (a),  shall  be  made  foread 
increase  of  J  in.  in  thickness  above  f  in. 

(b)  For  structural  steel  under  ^  in.  in  thickness,  a  deduction  of  2.5  from  the  percentage  of 
elongation  in  8  in.  specified  in  Section  6  (a),  shall  be  made  for  each  decrease  of  A  in.  in  thickncai 
below  1%  in. 

8.  Bend  Tests,  (a)  The  test  specimen  for  plates,  shapes,  and  bars  shall  bend  cold  through 
180  deg.  without  cracking  on  the  outside  of  the  bent  portion,  as  follows:  For  material  |  in.  or  under 
in  thickness,  flat  on  itself;  for  material  over  J  in.  to  and  including  i  J  in.  in  thickness,  around  a  pii 
the  diameter  of  which  is  equal  to  the  thickness  of  the  specimen;  and  for  material  over  li  in.  ii 
thickness,  around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness  of  the  specimen. 

(b)  The  test  specimen  for  pins  and  rollers  shall  bend  cold  through  180  Jeg.  around  a  i-in. 
pin  without  cracking  on  the  outside  of  the  bent  portion. 

(c)  The  test  specimen  for  rivet  steel  shall  bend  cold  through  180  deg.  flat  on  itself  ikithout 
cracking  on  the  outside  of  the  bent  portion. 

9.  Tests  of  Angles.  Angles  J  in.  or  under  in  thickness  shall  open  flat,  and  angles  J  in.  or 
under  in  thickness  shall  bend  shut,  cold,  under  blows  of  a  hammer  without  cracking.  This  test 
shall  be  made  only  when  required  by  the  inspector. 

10.  Test  Specimens,  (a)  Tension  and  bend  test  specimens  shall  be  taken  from  the  finished 
rolled  or  forged  material,  and  shall  not  be  annealed  or  otherwise  treated,  except  as  specified  ii 
Paragraph  {b). 

{b)  Tension  and  bend  test  specimens  for  material  which  is  to  be  annealed  or  otherwise  treated 
before  use,  shall  be  cut  from  properly  annealed  or  similarly  treated  short  lengths  of  the  full  sectioo 
of  the  piece. 

(c)  Tension  and  bend  test  sp>ecimens  for  plates,  shapes  and  bars,  except  as  specified  in  Para- 
graph (rf),  shall  be  of  the  full  thickness  of  material  as  rolled.  They  may  be  machmed  to  the  fon« 
and  dimensions  shown  in  Fig.  i,  or  with  both  edges  parallel;  except  that  bend  test  specimens  for 
eye-bar  flats  may  have  three  rolled  sides. 

(d)  Tension  and  bend  test  specimens  for  plates  and  bars  (except  eye-bar  flats)  over  ij  in.ia 
thickness  or  diameter  may  be  machined  to  a  thickness  or  diameter  of  at  least  i  in.  for  a  length  of  it 
least  9  in. 

1  See  section  7. 
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The  axis  nf  cension  and  l>cnd  test  sjx'cimens  for  pins  anil  rollers  shall  be  I  in*  from  I  he 
fiuul  parallel  to  the  axis  of  the  bar.     Tension  test  specimens  shall  be  of  the  form  and  di- 
k  shown  in  Fig.  3.     Bend  te&t  specimens  shall  be  i  by  j  in*  in  section. 


^  About  S^ 


jPtfaim  t^etton  not  Itn  than  ^"^ 


^botat^ 


'.♦ 


;c --'- About  U"— 

Fig.  1. 


Tension  and  bend  test  specimens  for  rivet  steel  shall  be  of  the  full-size  section  of  bars  as 

ri.  Hiiinber  of  Tests*     (a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt; 
ih.it  if  material  from  one  melt  differs  {  in.  or  more  in  thickness,  one  tension  and  one  bend 
I  be  made  from  both  the  thickest  and  the  thinnest  material  rolled. 

any  test  s|>c<:imen  shows  defective  machining  or  develops  flaws,  or  if  an  8-in.  tension 
tmen  breabs  outside  the  middle  third  of  the  gage  length,  or  if  a  3-m.  tension  test  specimen 
MJUtside  the  gage  length,  it  may  be  discarded  and  another  specimen  substituted. 


IV,     PERMISSIBLE  VARIATIONS   IN   VTCIGHT  AND  GAGE. 

U-  PcrmissiMe  Variations.     The  cross^section  or  weight  of  each  piece  of  steel  shall  not  vary 
lif^  than  2,5  per  cent  from  that  specified;  except  in  the  case  uf  sheared  plates,  which  shall  be 
the  following  permissible  variations  to  apply  to  single  plates: 
I'htn  Ordered  to  Weight.^tQT  plates  12^  lb.  per  m\    ft.  or  over: 
ndcr  i<x>  in.  in  width,  2,5  per  cent  above  or  below  the  specified  weight; 
lOo  in,  in  width  or  over,  5  per  cent  above  or  below  the  specified  weight, 
for  plates  under  12 J  lb.  per  aq.  ft.: 
Under  75  in.  in  width,  2,5  per  cent  above  or  below  the  specified  weight; 
75  10  ion  in.,  exclusive,  in  width,  5  per  cent  above  or  j  per  cent  below  the  specified  weight; 
100  in.  in  width  or  over,  lo  per  cent  abcwe  or  3  jjer  cent  below  ihe  specified  weight. 
^)  Whm  Ordered  to  Gage, — The  thickness  of  each  plate  shall  not  vary  more  than  o.oi  in, 
^  red. 
•>\'er  the  nominal  weight  corresponding  to  the  dimensions  on  the  order  shall  be 
1  rur  rAch  plate,  if  not  more  than  that  shown  in  the  following  table,  one  cubic  inch  of  rolled 
eing  a^unie<J  to  weigh  0,2833  lb.: 

V.     FINISH. 
The  finished  material  shall  be  free  from  injurious  defects  and  shall  have  a  work- 


;i«h. 


VI.     MARKING. 


^14.  lisckillf.    The  name  or  brand  of  the  manufacturer  and  the  melt  numlx^r  shall  Ik;  legibly 

or  rolled  on  all  finished  material,  except  that  rivet  and  lattice  bars  and  other  small 

^J^3!f,  when  lo.ided  fur  shipmi^nt,  be  properly  separated  and  marked  for  tdentificaifon. 

-  shall  be  legibly  stamf^ed  on  the  end  of  each  pin  and  roller.     The  melt 

[ixarkcd,  by  stamping  if  practicable,  on  each  test  s^cvrcvevi. 


iMi 
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Allowable  Excess  (kxprbssbd  as  pbrcbntagb  or  Nomdcal  Wsran).      | 

Thicknew 

Nominal 

For  Width  of  PUte  as  foUow* : 

Ordered, 
In. 

Weight.  Lb. 
Ptr  Sq.  Ft. 

Under  so 

SO  to  70 

70  In.  or      Under  75 

7S  to  100 

xoo  to  115 

lis  In.  or 

In. 

InMExd. 

Over. 

In. 

In.,  Exd. 

In..  EicL 

Om. 

itoA 

5.10  to   6.37 

10 

15 

20 

.. 

A"  A 

6.37"     7.6s 

8.5 

12.5 

17 

, , 

, , 

, , 

, , 

A"i 

7.65  "   10.20 

7 

10 

IS 

, , 

.. 

A 

10.20 

12.75 

10 

8 

14 
12 

18 
16 

I 

15.30 

, 

7 

10 

13 

17 

17.85 

, 

6 

8 

10 

13 

A 

20.40 

. 

5 

7 

2 

12 

22.95 

. 

4.5 

6.5 

8.5 

II 

f 

25.50 

4 

6 

8 

10 

Overf 

3.5 

5 

6.5 

'  , 

VII.     INSPECTION  AND   REJECTION. 

15.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  afltiiBa 
while  work  on  the  contract  oi  the  purchaser  is  being  performed,  to  all  parts  of  the  manufactured 
works  which  concern  the  manufacture  of  the  material  ordered.  The  manufacturer  shall  affod 
the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  material  is  being  fumisM 
in  accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  inspection  shall  b 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  sp)ecified,  and  shall  beM 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

16.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accorf* 
ance  with  Section  5  shall  be  rep>orted  within  five  working  days  from  the  receipt  of  samples. 

(b)  Material  which  shows  injurious  defects  subsequent  to  its  acceptance  at  the  manufactureri 
works  will  be  rejected,  and  the  manufacturer  shall  be  notified.  ^ 

17.  Rehearing.  Samples  tested  in  accordance  with  Section  5,  which  represent  rejected 
material,  shall  be  preserved  for  two  weeks  from  the  date  of  the  test  repwrt.  In  case  of  dissat* 
faction  with  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  dat 
.time. 


STANDARD    SPECIFICATIONS    FOR    STRUCTURAL    NICKEL    STEEL 

OF    THE 

AMERICAN   SOCIETY   FOR  TESTING   MATERIALS. 
Adopted  August  25,  191 3. 

I.     MANUFACTURE. 

1.  Process.     The  steel  shall  be  made  by  the  open-hearth  process. 

2.  Discard.     A  sufficient  discard  shall  be  made  from  each  ingot  intended  for  eye-ba«  w 
secure  freedom  from  injurious  piping  and  undue  segregation. 

II.     CHEMICAL   PROPERTIES  AND   TESTS. 

3.  Chemical  Composition.     The  steel  shall  conform  to  the  following  requirements  as  to 
chemical  composition: 

Structural  Stekl.  Rivet  Steel. 

Carbon not  over  0.45  not  over  0.30  per  cent 

Manganese "       "    0.70  "       "     0.60 

ou       u         /Acid "       "    0.05  "        "     0.04 

Phosphorus! g^^j^ .       ..    ^^^  u      u     Q o5      .' 

Sulphur "       "    0.04  "      "    0.04      [' 

Nickel not  under   3.25  not  under   3.25 

4.  Ladle  Analyses.     An  analysis  shall  be  made  by  the  manufacturer  from  a  test  ingot  oig 
during  the  pouring  of  each  melt.     A  copy  of  this  analysis  shall  be  given  to  the  purchaser" 
representative.     This  analysis  shall  conform  to  the  requirements  specified  in  Section  3. 
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Jy8e&.     A  check  analysis  may  l>e  made  by  the  purchaser  from  finished  material 
,  mck,  and  this  analysis  shall  conform  lu  the  requirements  ajx-cified  in  Section  3« 

IIL    PHYSICAL   PROPERTIES  AND  TESTS. 
<m  Tests,     (a)  The  steel  shall  conform  to  the  (allowing  requirements  as  to  tenBile 


TeNSILB   PPOPERTIES  FROM   SPECIMEN   TESTS, 


iigth,  lb.  per  sq.  in.. . 
^~^.,  lb*  per  iq.  tn- 

,mia*,  percent. 

.,  min.,  per  cent, 
min.,  percent*. 


I 


Rivets. 


70,ocx>-8o,ooo 

45^000 

1,500,000 
Tens.  Str. 


40 


Plain,  Shapes 
and  Bars». 


85,000-100,000 

50,000 

1,500,000^ 

Tens.  Str. 


2S 


Eye- Bars  and  Rot- 


95,000-110,000 

55.000 

1,500,000^ 

Tens.  Str* 
16 

25 


Eye- Bit  r^"  and 
Piua/  AnneiiJed. 


90,000~I05,CX)0 
55,000 


20 

35 


if  annealed  specimens  of  eye-bars  shall  be  made  for  information  only. 

rtiott  7* 

'■   -  ^-]\  be  measured  in  2  in. 

at  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 
..,-.:  ^a;i  in  Elongation.     For  plates,  shapjes  and  unanncaled  bars  over  I  in.  in  thick- 
tion  ot  I  from  the  percentatje  of  elongation  specified  in  Scctiuo  6  shall  Ije  made  for 

of  I  in.  in  thickness  abo\^  1  in.,  to  a  minimiiin  of  14  ptT  cent. 
icter  of  Fracture.     All  broken  tension  test  specimens  shall  show  either  a  silky  or  a 
nular  fracture,  of  uniform  color,  and  free  from  ctiarse  cry^stals. 
Tests,     (a)  The  te-st  specimen  for  plates,  shapes  and  bars  shall  bend  cold  through 
out  fracture  on  the  outside  of  the  bent  portion^  as  follows:  For  material  J  in.  or  undtT 
around  a  pin  the  diameter  of  which  is  equal  to  the  thickness  of  the  specimen;  and  for 

I  in.  in  thickness^  around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness 
en. 
test  specimen  for  pins  and  rollers  shall  L)end  cold  through  180  deg.  around  a  I  in, 

Kirc  on  the  outside  of  the  bent  portion, 
pecimen  for  rivet  steel  shall  bend  cold  through  180  deg.  flat  on  itself  without 
tstde  of  the  bent  portion. 
Ingles,     (a)  Angles  with  4  in.  legs  or  under,  and  i  in,  or  under  in  thickness, 
t  i>r  bend  shut,  cold,  under  the  blows  of  a  hammer  without  cracking. 
c»  with  legs  over  4  In.,  or  over  J  in.  in  thickness,  shall  open  to  an  angle  of  150  deg., 
I  angle  of  30  deg.,  cold,  under  the  l)lr>ws  uf  a  hammer  without  cracking, 
t  Tests,     Punched  rivet  holes  pitched  two  diameters  from  a  planed  edge  shall  stand 
the  di.^melcr  is  enlarged  50  per  cent  without  cracking  the  metal. 
Specimens,     (a)  Tension  and  bend  test  specimens  shall  be  taken  from  the  hnished 
ed  material.     Specimens  for  pins  shall  be  taken  after  annealing. 
lion  and  bend  test  specimens  for  plates,  shapes  and  bars,  except  as  specified  in  Para- 
ill  be  of  the  full  thickness  of  material  as  rolled.     They  may  be  machined  to  the  form 
►ns  shown  in  Pig.  1,  or  with  both  edges  parallel;  except  that  bend  test  specimens  shall 

I 


^CrAbmttS'^ 


I  not  twa  thmj" 


'CAboatl^i 


■i^ 


irf- 


IH 


* -Abotttia" 

Fig.  I. 


end  test  specimens  for  plates  and  bars  fexcept  eye-bar  flats)  over  1 1  in.  in 
y  be  machined  to  a  thickness  or  diameter  of  at  \caist  \  \tv.  1«t  a  V&w?,\\v  «A 
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(d)  The  axis  of  tension  and  bend  test  specimens  for  pins  and  rollers  shall  be  i  in.  from  tbe 
surface  and  parallel  to  the  axis  of  the  bar.  Tension  test  specimens  shall  be  of  the  form  and  dimei- 
sions  shown  in  Fig.  2.     Bend  test  si>ecimens  shall  be  i  by  i  in.  in  section. 

(e)  Tension  and  bend  test  specimens  for  rivet  steel  shall  be  of  the  full-sixe  section  of  bin  a 
rolled. 

13.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  mek 
except  that  if  material  from  one  melt  differs  i  in.  or  more  in  thickness,  one  tension  and  one  M 
test  shall  be  made  from  both  the  thickest  and  the  thinnest  material  rolled. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  an  8-in. 
test  specimen  breaks  outside  the  middle  third  of  the  gage  length,  or  if  a  2-in.  tension  test 
breal^  outside  the  gage  length,  it  may  be  discarded  and  another  specimen  substituted. 


:  « 

^ 4%7. 

1^ 

..           - 

VNMi^ 

VVi — 

IL 

1^ 

(    11 

1 

ir  ^ 

mm 

'-A ,.,     ,        2-      X 

1 


Fig.  2. 

IV.    PERMISSIBLE  VARIATIONS  IN  WEIGHT  AND  GAGE. 

14.  Permissible  Variations.  The  cross  section  or  weight  of  each  piece  of  steel  shall  not  vaij 
more  than  2.5  per  cent  from  that  specified;  except  in  the  case  of  sheared  plates,  which  shall  1» 
covered  by  the  following  permissible  variations  to  apply  to  single  plates: 

(a)  When  Ordered  to  Weight, — For  plates  I2i  lb.  per  sq.  ft.  or  over: 

Under  100  in.  in  width,  2.5  per  cent  above  or  below  the  specified  weight; 
100  in.  in  width  and  over,  5  per  cent  above  or  below  the  specified  weight. 
For  plates  under  12 J  lb.  per  sq.  ft.: 

Under  75  in.  in  width,  2.5  per  cent  above  or  below  the  specified  weight; 

75  to  100  in.  in  width,  5  per  cent  above  or  3  per  cent  below  the  specified  weight; 

100  in.  in  width  and  over,  10  per  cent  above  or  3  per  cent  below  the  specified  weight. 

(b)  When  Ordered  to  Gage. — The  thickness  of  each  plate  shall  not  vary  more  than  0.01  in 
below  that  ordered. 

An  excess  over  the  nominal  weight  corresponding  to  the  dimensions  on  the  order  shall  be 
allowed  for  each  plate,  if  not  more  than  that  shown  in  the  following  table,  one  cubic  inch  of  rolled 
steel  being  assumed  to  weigh  0.2833  lb.: 


Allowable  Excess  (bxprbssbd  as  pbrckntagb  or  Nominal  Whght). 

Thickneas 

Ordered, 

In. 

Nominal 
Weight.  Lb. 
Per  Sq.  Ft. 

For  Width  of  Plate  as  follows: 

Under  50 
In. 

so  to  70 
In..  Excl. 

70  In.  or 
Over. 

Under  75 
In. 

75  to  100 
In..  Ezd. 

100  to  IIS 
In..  ExcL 

115  In.* 
Over. 

itoA 

5. 10  to    6.37 

6.37;:  7.6s 

7.65  "   10.20 

10 

8.5 
7 

IS 

12.5 
10 

20 
15 

•• 

•• 

•• 

•• 

10.20 
12.75 

10 

8 

14 
12 

1*8 
16 

•  • 

i 

15.30 
17.8s 

I 

10 

8 

13 
10 

17 
13 

A 

20.40 
22.95 

5 
45 

h 

!■' 

12 
II 

Overf 

25.50 

4 
3.5 

6 

5 

8 
6.5 

10 

9 

V.    FINISH. 

15.  Finish.    The  finished  material  shall  be  free  from  injurious  seams,  sUvera,  flaws  and  othtf 
deiects,  and  shall  have  a  workmanlike  finish. 
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VL     MARKING. 

The  name  or  brand  of  the  manijfacturcr  and  the  melt  number  shall  be  legibly 

|oti  all  finished  material,  except  that  rivet  and  lattice  bars  and  other  small  sections 

for  shipment,  be  properly  separated  and  marked  for  identificatiun.     The 

i  marks  shall  be  legibly  stamped  on  the  end  of  each  pin  and  roller.     The  melt  number 

'  markedt  by  stamping  if  practicable,  on  each  test  specimen/ 

VII.    INSPECTION. 

Inspection.    The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 

rk  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacttirer's^ 

irhich  conrern  the  manufacture  of  the  material  ordered.     The  manufacturer  shall  afford 

tor,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  material  is  being  furnished 

dance  with  these  specifications.     All  tests  (except  check  analyses)  and  inspection  shall  be 

fhe  place  of  manufacture  prior  to  shipment,  unless  otherw^ise  specified,  and  shall  be  so 

to  interfere  unnecessarily  with  the  operation  of  the  works. 

n,     (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
^  I  5  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

which  shows  injurious  defects  subsequent  to  its  acceptance  at  the  manufacturer's 

', ^^-tzted  and  the  manufacturer  shall  be  notified. 

Rehearing.  Samples  tested  in  accordance  with  Section  5,  which  represent  rejected 
J,  shall  be  preserv'cd  for  two  weeks  from  the  date  of  the  test  reptjrt.  In  case  of  dissaiis- 
rith  the  results  of  the  tests^  the  manufacturer  may  make  claim  for  a  rehearing  within  that 

VII  I.     FULL  SIZE  TESTS. 

[Tests  of  Eye-Bars,     (a)  Full  size  tests  of  annealed  eye-bars  shall  conform  to  the  following 
ctts  as  to  tensile  properties: 

[  Tensile  strength,  lb.  pen  sq,  in 

S  iejd  prjint,  min.,  lb.  per  sq.  in 

Elongation  in  18  ft.,  min.,  per  cent.  . 
Reduction  of  area,  min,*  per  cent 


( 


...............  85,000-100,000 

48.000 
10 

The  yield  p<iint  shall  be  determined  by  the  halt  of  the  gage  of  the  testing  machine. 


STANDARD  SPECIFICATIONS  FOR  BOILER  RIVET  STEEL 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS, 

Adopted  Ahgust  25,   1913. 

A,     Requirements  for  Rolled  Bars, 

I.     MANUFACTURE. 
.  Process,     The  steel  shall  be  made  by  the  open-hearth  process. 

IL    CHEMICAL   PROPERTIES  AND   TESTS. 
r.  Chemical  Composition.     The  steel  shall  conform  to  the  following  requirements  as  to 
IglI  cocnposition: 

b  Manganese , 0,30-0.50  per  cent 
Phosphorus. not  over  0.04        '* 
Sulphur •*       "    0.045      '* 

J.  L«dl&  Analyses,     An  analysis  to  determine  the  percentages  of  carbon,  manganese,  phos^ 
~|j«  ur  shall  Ix-  made  by  the  manufacturer  from  a  test  ingot  taken  during  the  pouring 

py  of  which  shall  be  given  to  the  purchaser  or  his  representative.     This  analysis 
xiii  i'»  the  requirements  specified  in  Section  2. 
il«ck  Analyses.     A  check  anal\'>is  may  be  made  by  the  purchaser  from  finished  material 
;  each  melt,  and  this  analysis  shall  conform  to  the  requirements  specified  in  Section  2. 

HI.     PHYSICAL   PROPERTIES  AND  TESTS. 
TastB.     (a)  The  bare  shall  conform  to  the  following  requirements  as  to  tensile 


Wk 
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Tensile  strength,  lb.  per  sq.  in 45iOOO-55,ooo 

Yield  point,  min.,  lb.  per  sq.  in 0.5  tens.  str. 

«,         ,.      .    o  •         •                  ^                                                       1,500,000 
Elongation  in  8  m.,  mm.,  per  cent ^ -— 

(But  need  not  exceed  30  per  cent) 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

6.  Bend  Tests,  (a)  Cold-bend  Tests. — The  test  specimen  shall  bend  cold  through  180  de^ 
flat  on  itself  without  cracking  on  the  outside  of  the  bent  portion. 

(b)  Quench-bend  Tests, — The  test  specimen,  when  heated  to  a  light  cherry  red  as  seen  in  the 
dark  (not  less  than  1200**  F.),  and  quenched  at  once  in  water  the  temperature  of  which  is  bctiraei 
So^  and  90°  F.,  shall  bend  through  180°  flat  on  itself  without  cracking  on  the  outside  of  the  bent 
portion. 

7.  Test  Specimens.  Tension  and  bend  test  specimens  shall  be  of  the  full-size  secdoa  d 
material  as  rolled. 

8.  Number  of  Tests,  (a)  Two  tension,  two  cold-bend,  and  two  quench-bend  tests  shall  be 
made  from  each  melt,  each  of  which  shall  conform  to  the  requirements  specified. 

(6)  If  any  test  sp)ecimen  develops  flaws,  or  if  a  tension  test  specimen  breaks  outside  the  middle 
third  of  the  gage  length,  it  may  be  discarded  and  another  specimen  substituted. 

IV.    PERMISSIBLE  VARIATIONS  IN  GAGE. 

9.  Permissible  Variations.  The  gage  of  each  bar  shall  not  vary  more  than  o.oi  in.  from  that 
specified. 

V.    WORKMANSHIP  AND  FINISH. 

10.  Workmanship.    TTie  finished  bars  shall  be  circular  within  o.oi  in. 

11.  Finish.  The  finished  bars  shall  be  free  from  injurious  defects,  and  shall  have  a  workman* 
like  finish. 

VI.     MARKING. 

12.  Marking.  Rivet  bars  shall,  when  loaded  for  shipment,  be  properly  separated  and  marked 
with  the  name  or  brand  of  the  manufacturer  and  the  melt  number  for  identification.  The  nidt 
number  shall  be  legibly  marked,  by  stamping  if  practicable,  on  each  test  specimen. 

VII.     INSPECTION  AND   REJECTION. 

13.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  tim« 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer'! 
works  which  concern  the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  bars  are  being  furnished  ii 
accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  insF)ection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  sfl 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

14.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  4  shall  be  rep>ortcd  within  five  working  days  from  the  receipt  of  samples. 

{b)  Bars  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  manufacturer'? 
works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

15.  Rehearing.  Samples  tested  in  accordance  with  Section  4,  which  represent  rejected  bofSi 
shall  be  preserved  for  two  weeks  from  the  date  of  the  test  reF>ort.  In  case  of  dissatisfaction  with 
the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that  time. 

B.     Requirements  for  Rivets, 
I.     PHYSICAL   PROPERTIES  AND  TESTS. 

16.  Tension  Tests.  The  rivets,  when  tested,  shall  conform  to  the  requirements  as  to  tensk 
properties  specified  in  Section  5,  except  that  the  elongation  shall  be  measured  on  a  gage  length  «< 
less  than  four  times  the  diameter  of  the  rivet. 

17.  Bend  Tests.  The  rivet  shank  shall  bend  cold  through  180  degrees  flat  on  itself  without 
cracking  on  the  outside  of  the  bent  portion. 

18.  Flattening  Tests.  The  rivet  heads  shall  flatten,  while  hot,  to  a  diameter  2|  times  the 
diameter  of  the  shank  without  cracking  at  the  edges. 

19.  (a)  When  specified,  one  tension  test  shall  be  made  from  each  size  in  each  lot  of  riveO 
offered  for  inspection. 
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[Three  bend  and  three  fattening  tests  shall  be  made  from  each  size  in  each  lot  of  rivets 
'  uiflpectiati,  eadi  of  which  shall  conform  to  the  requirements  specified, 

n.    WORKMANSHIP  AND   FINISH. 

Workmanship.     Rivets  shall  be  true  to  form,  concentric,  and  shall  be  made  in  a  work- 
'  nvatiner. 
Finish.     The  finished  rivets  shall  be  free  from  injurious  defects, 

IIL     INSPECTION   AND   REJECTION. 

lospectian*     The  inspector  representing  the  purchaser  shall  have  free  entr>',  at  all  times 

rk   m  the  contract  of  the  purchaser  is  being  jit^rformed,  to  all  parts  of  the  manufacturer's 

!u«rn  the  manufacture  of  the  rivets  ordered.     The  manu f act urt^r  shall  afford  the 

I  rostt  all  reasfmable  facilities  to  satisfy  him  that  the  rivets  are  being  furnished  in 

'      '   specifications.     All  tests  and  inspection  shall  be  made  at  the  place  of  manu- 

lf«  pn-  •  u^nt,  unless  otherwise  specified,  and  shall  be  so  conducted  as  not  to  interfere 

**"         "  ..  uiic  ojx^ration  of  the  works, 

tiou.     Rivets  which  show  injurious  defects  subsequent  to  their  acceptance  at  the 
s  works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 


iOARD  SPECIFICATIONS  FOR  BILLET-STEEL  REINFORCEMENT   BARS* 

OF   THE 

AMERICAN   SOCIETY   FOR  TESTING   MATERIALS 
Adopted  August  2$,  1913. 

(u)  These  specifications  cov^er  three  classes  of  billet-steel  concrete  reinforcement 
itn,  dt»formed,  and  cold-twisted, 
and  deformed  bars  are  of  two  grades,  namely:  structural  steel  and  hard. 
of  Purchase,     (a)  The  hard  grade  will  be  used  only  when  sptTified. 
sired,  cold-twisted  bars  may  be  purchased  on  the  basis  of  tests  of  the  hot-rolled  bars 
in  which  case  such  tests  shall  govern  and  shall  conform  to  the  requirements  speci- 
i  bars  of  structural  steel  grade. 

L     MANUFACTURE, 

t Process,     (a)  The  steel  may  be  made  by  the  Bessemer  or  the  open- hearth  process. 
Th*'  iMrs  fhall  be  rolled  from  new  billets.     No  rerol!(  d  material  will  be  accepted. 
Cold-twisted  Bars.     Cold-twisted  bars  shall  be  twisted  cold  with  one  complete  twist  in  a 
not  over  12  times  the  thickness  of  the  bar. 

n.     CHEMICAL  PROPERTIES  AND   TESTS, 

Chetojeal  ComposltioQ,  The  steel  shall  conform  to  the  following  requirements  as  to 
composition: 

ot.^^„u^«../  Bessemer, not  over  o.io  per  cent 

Phosphorus  \  Open-hearth "       "    0.05       " 

6*  L«dle  Analyses.     An  analysis  to  determine  the  percentage  of  carbon,  manganese,  phos- 
^^«nd  sulphur,  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  during  the  jx»uring 
^mrlt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.     Thisautdysis 
ril'>mi  to  the  fer|airements  spedfied  in  Section  5. 

~  ' :  Analyses.  Analyses  may  be  made  by  the  purchaser  from  finished  bars  representing 
of  open-hearth  steel,  and  each  melt,  or  lot  of  ten  tons,  of  Bessemer  steel,  in  which  case  an 
as  per  cmt  ab«>vc  the  requirementa  specifietl  in  Section  5  shall  be  allowed. 

UK     PHYSICAL   PROPERTIES  AND  TESTS. 
Tests,     (a)  The  bars  ^hall  conform  to  the  following  requirements  as  to  tensile 

^  inerican  Railway  Engineering  Association  specifications  for  steel  reinforce  men  t» 
p  37^. 
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Tensile  Properties. 


Chap.  XV. 


Properties  Considered. 


Tensile    strength,    lb. 
per  sq.  in 

Yield  point,  min.,  lb. 
per  sq.  in 

Elongation   in    8    in., 
min.,  per  cent 


Plain  Bars. 


Structural  Steel 
Grade. 


SS,CXX>-70,000 


33^000 

1,400000^ 
Tens.  str. 


Hard  Grade. 


80,000  min. 

50,000 

1,200,000^ 
Tens.  str. 


Deformed  Bart. 


Structural  Steel 
Grade. 


55,000-70,000 


33»«X> 

1,250,000^ 

Tens.  str. 


HardGtade. 


80,000  min. 

50,000 

i^oogooo* 
Tens.  str. 


Cold-twiMcd 
Ban. 


Recorded 
only. 

55,000 

5 


(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

9.  Modifications  in  Elongation,  (a)  For  plain  and  deformed  bars  over  }  in.  in  thicknci 
or  diameter,  a  deduction  of  i  from  the  percentages  of  elongation  specified  in  Section  8  (a)  shall  be 
made  for  each  increase  of  J  in.  in  thickness  or  diameter  above  i  in. 

(b)  For  plain  and  deformed  bars  under  ^  in.  in  thickness  or  diameter,  a  deduction  of  i  fni0 
the  percentages  of  elongation  specified  in  Section  8  (a)  shall  be  made  for  each  decrease  of  ^  in.  ii 
thickness  or  diameter  bielow  A  »n. 

10.  Bend  Tests.  The  test  specimen  shall  bend  cold  around  a  pin  without  cracking  on  tk 
outside  of  the  bent  portion,  as  follows: 

Bend  Test  Requirements. 


Thickness  or  Diameter  of  Bar. 


Under  f  in. .  , 
f  in.  or  over. 


Plain  Bars. 


Structural 
Steel  Grade. 


180  deg. 

d  =  t 
180  deg. 

d  =  t 


Hard  Grade. 


180  deg. 

d  =  3t 

90  deg. 

d  =  3t 


Deformed  Bars. 


Structural 
Steel  Grade. 


180  deg. 

d  =  t 

90  deg. 

d=*2t 


Hard  Grade. 


180  deg. 

d  =  4t 

90  deg. 

d=4t 


Cdd-timti 
BazB. 


180  deg. 

d=2t 
180  deg. 

d=3t 


Explanatory  Note:  d  =  the  diameter  of  pin  about  which  the  specimen  is  bent; 
t  =  the  thickness  or  diameter  of  the  specimen. 

11.  Test  Specimens,  (a)  Tension  and  bend  test  specimens  for  plain  and  deformed  b«i 
shall  be  taken  from  the  finished  bars,  and  shall  be  of  the  full  thickness  or  diameter  of  materiaHl 
rolled;  except  that  the  specimens  for  deformed  bars  may  be  machined  for  a  length  of  at  least  9iti 
if  deemed  necessary  by  the  manufacturer  to  obtain  uniform  cross-section. 

(b)  Tension  and  bend  test  specimens  for  cold-twisted  bars  shall  be  taken  from  the  finisW 
bars,  without  further  treatment;  except  as  specified  in  Section  2  (6).  , 

12.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  mekoj 
open-hearth  steel,  and  from  each  melt,  or  lot  of  ten  tons,  of  Bessemer  steel;  except  that  if  materiil 
from  one  melt  differs  i  in.  or  more  in  thickness  or  diameter,  one  tension  and  one  bend  test  shall  be 
made  from  both  the  thickest  and  the  thinnest  material  rolled. 

{b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  tension  tert 
specimen  breaks  outside  the  middle  third  of  the  gage  length,  it  may  be  discarded  and  anoditf 
specimen  substituted. 


IV.     PERMISSIBLE  VARIATIONS   IN  WEIGHT. 

13.  Permissible  Variations.    The  weight  of  any  lot  of  bars  shall  not  vary  more  than  5  P^ 
cent  from  the  theoretical  weight  of  that  lot. 

'  See  Section  9. 
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V.    FINISH. 

Fliitah.    Tlie  finished  bars  shall  be  free  from  injunous  defects  and  shall  have  a  workman^ 
kifih. 

VL     INSPECTION   AND   REJECTION. 

tj.  Iitspectioii.     The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 

utof  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 

manufacture  <jf  the  bars  ordered*     The  manufacturer  shall  afford  the 

I,  .Al  reasonable  facilities  to  satisfy  him  that  the  bars  are  being  furnished  in 

m;  specifications.     All  tests  (except  check  analyses)  and  inspection  shall  Lc 

„_  , ui  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 

as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 
IJection.     (d)   Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
"ection  7  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 
irs  which  show  injurious  defects  subst^quent  to  their  acceptance  at  the  manufacturer's 
be  n  jf*cted.  and  the  manufacturer  shall  l>e  notified. 
Rehearing.     Samjiles  tested  in  accordance  with  Section  7,  which  represent  rejected  bars, 
preser\'ed  for  two  weeks  from  the  date  of  the  test  report.     In  case  of  dissatisfaction  with 
ilts  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that  time. 


rANDARD  SPECIFICATIONS  FOR  RAIL-STEEL  REINFORCEMENT  BARS 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  August  25.  19 13. 

Clftssea,    These  specifications  cover  three  classes  of  rail-steel  concrete  reinforcement  bars, 
fi  plain »  deformed,  and  hot -twisted. 

L     MANUFACTURE. 

cess.     The  bars  shall  be  rolled  from  standard  section  Tee  rails. 
Hot-twisted  Bars.     Hot- twisted  bars  sh.iH  have  one  complete  twist  in  a  length  not  over 
i  the  thickness  of  the  bar. 

11.     PHYSICAL   PROPERTIES   AND    TESTS. 

TensioQ  Tests,     (a)  The  bars  shall  conform  to  the  following  minimum  requirements  as  to 
^properties: 


reneth,  lb.  per  iq*  io- 

lit,  lb.  per  «q.  in... .. 

^itJon  in  8  in.,  per  cent'. , 


Plain  Bara. 


80000 

50000 

1.200000 

Tens,  sir. 


I>efoniied  and  Hot-twijited  Bars. 


80.000 

50,000 

t.00O,000 

Tens.  str. 


I)  The  yi**ld  p>int  '^'hntl  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

M<>dlfications  in  Elongation,     (a)  For  bars  over  J  in.  in  thickness  or  diameter,  a  deduction 

s  of  elongation  specified  in  Section  4  (d)  shall  be  made  for  each  increase 

i  i meter  above  f  m. 

irifur  ,V  in.  in  thickness  or  diameter*  a  deduction  of  i  from  the  percentages  of 

'  in  Section  4  (a)  shall  be  made  for  each  decrease  of  t^i  in.  in  thickness  or  di- 

Bt«,     The  test  specimen  shall  bend  cjold  around  a  pin  without  cracking  on  the 
portion,  as  follows: 


II 
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Thickness  or  Diameter  of  Bar. 

Plain  Bars. 

Deformed  and  Hot-twiated  Bui. 

Undcrjin 

l8odeg. 

90deg. 
d=:3t 

iSodeg. 

Qodcg. 
d-4t 

f  in.  or  over 

Explanatory  Note:  d  « the  diameter  of  pin  about  which  the  specimen  is  bent; 
tsthe  thickness  or  diameter  of  the  specimen. 

7.  Test  Specimens,  (a)  Tension  and  bend  test  specimens  for  plain  and  deformed  ban  shal 
be  taken  from  the  finished  bars,  and  shall  be  of  the  full  thickness  or  diameter  of  bars  as  loQed; 
except  that  the  specimens  for  deformed  bars. may  be  machined  for  a  length  of  at  least  9  in.,! 
deemed  necessary  by  the  manufacturer  to  obtain  uniform  cross-section. 

(b)  Tension  and  bend  test  specimens  for  hot-twisted  bars  shall  be  taken  from  the  finished 
bars,  without  further  treatment. 

8.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  lot  of  toi 
tons  or  less  of  each  size  of  bar  rolled  from  rails  varying  not  more  than  10  lb.  per  yd.  in  nomiflil 
weight. 

{b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  tenson  tot 
specimen  breaks  outside  the  middle  third  of  the  gage  length,  it  may  be  discarded  and  anodber 
specimen  substituted. 

III.    PERMISSIBLE  VARIATIONS  IN  WEIGHT. 

9.  Permissible  Variations.  The  weight  of  any  lot  of  bars  shall  not  vary  more  than  5  per  ceil 
from  the  theoretical  weight  of  that  lot. 

IV.    FINISH. 

10.  FinislL  The  finished  bars  shall  be  free  from  injurious  defects  and  shall  have  a  workmai* 
like  finish. 

V.     INSPECTION  AND  REJECTION. 

1 1 .  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  dnM 
while  work  on  the  contract  of  the  purchaser  is  t^ing  performed,  to  all  parts  of  the  manufacturer'! 
works  which  concern  the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  bars  are  being  furnished  ii 
accordance  with  these  specifications.  All  tests  and  inspection  shall  be  made  at  the  place  of  mann- 
facture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  conducted  as  not  to  interfeie 
unnecessarily  with  the  operation  of  the  works. 

12.  Rejection.  Bars  which  show  injurious  defects  subsequent  to  their  acceptance  at  t)K 
manufacturer's  works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 


STANDARD  SPECIFICATIONS  FOR  STEEL  CASTINGS 

OF   THE 

AMERICAN   SOCIETY   FOR  TESTING  MATERIALS 
Adopted  August  25,  19 13. 

1.  Classes.     These  .specifications  cover  two  classes  of  castings,  namely: 
Class  A,  ordinary  castings  for  which  no  physical  requirements  are  specified; 

Class  B,  castings  for  which  physical  requirements  are  specified.     These  are  of  three  grades: 
hard,  medium,  and  soft. 

2.  Patterns,     (a)  Patterns  shall  be  made  so  that  sufficient  finish  is  allowed  to  pro\ide  foraB 
variations  in  shrinkage. 

(b)  Patterns  shall  be  painted  three  colors  to  represent  metal,  cores,  and  finished  surfacer 
It  is  recommended  that  core  prints  shall  be  painted  black  and  finished  surfaces  red. 

3.  Basis  of  Purchase.  The  purchaser  shall  indicate  his  intention  to  substitute  the  tert ' 
destruction  specified  in  Section  1 1  for  the  tension  and  bend  tests,  and  shall  deagnate  the  pattert 
from  which  castings  for  this  test  shall  be  made. 
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I.     MANUFACTURE. 

cess.     The  steel  may  be  made  by  the  open-hearth,  crucible,  or  any  other  process 

by  the  purchiiser. 

,  leAt  Treatment,     (a)  Class  A  castings  need  not  be  annealed  unless  otherwise  specified* 

I  l.jss  B  c^istings  shall  he  allowed  to  l:)ccomc  cold.     They  shall  then  btf  uniformly  reheated 

[>pcr  tenipc-rarurc  to  refine  the  grain  (a  ^iruup  thus  reheatetl  bring  knnwn  as  an  '*  annealing: 

^),  and  allowed  to  cool  uniformly  and  slowly.     If,  in  the  opinion  of  the  purchaser  or  his 

^tative,  a  ca.dting  is  not  prof>erly  annealed,  he  may  at  his  option  re<:iuire  the  casting  to  tie 

II.     CHEMICAL   PROPERTIES  AND   TESTS. 
^emical  Compo&itioii.     The  castings  shall  conform  to  the  following  requirements  aa  to 

C1.ASS  A.  Class  B. 


1  comp'jsition: 


on 


not  0%'er  0.30  per  cent 
'*     0.06 


not  over  0.05  per  cent 
"       "    0.05        *' 


\  Analyses.     An  analysis  to  determine  the  percentages  of  carbon,  manganese,  phos- 

niphur  shall  be  made  by  the  nianufacturcT  from  a  test  ingot  taken  during  the  pouring 

i,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.     This  analysis 

Jorm  to  the  requirements  specified  in  Section  6.     Drillings  for  analysts  shall  be  taken  not 

J  in<  beneath  the  surface  of  the  test  ingot. 

"  tck  Analyses,     (a)  Analyses  of  Class  .A  castings  may  be  made  by  the  purchaser,  bi 

*  an  excess  of  20  |X*r  cent  above  the  requirement  as  to  phosphorus  specified  in  Section  6 

I  allowed.     Drillings  for  analysis  shall  be  taken  not  less  than  J  in.  beneath  the  surface. 

AnalvM^s  of  Class  B  castings  may  be  made  by  the  purchaser  from  a  broken  tension  or 

ii-n*  in  which  case  an  excess  of  20  per  cent  above  the  requirements  as  to  phi^s- 

ur  bpecified  in  Section  6  shall  be  allowed.     Drillings  for  analysis  shall  be  taken 

i«**«  I  lii.  beneath  the  surface. 

IlL     PHYSICAL  PROPERTIES  AND  TESTS. 

(For  Class  B  Castings  Onxy.) 

ij.  Tifitliioo  Tests*     (a)  The  castings  shall  conform  to  the  following  minimum  requirements 
%  Cendle  properties: 

t«>  strength,  lb,  per  sq.  i 
*       lb.  per  sq,  in.. 
u  2  in.,  per  cent 
IJMM7H  "I  area,       ** 


Hard. 

Medium. 

Soft, 

.80000 

70000 

60000 

,36000 
15 

31500 
18 

27  000 
22 

.     20 

25 

30 

{h\ 


The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine* 
Bend  Tests,     (a)  The  test  specimen  for  soft  castings  shall  bend  cold  through  120  dcg,, 
medium  castings  through  90  deg.,  around  a  i-in.  pin,  without  cracking  on  the  outside  of 
portion, 

H*inl  ca^tin^s-  shall  not  be  subject  to  bend  test  requirements. 

Altemati?e  Tests  to  Destruction.     In  the  case  of  small  or  unimp>rtant  castings,  a  test  to 
on  three  castings  from  a  lot  may  be  substituted  for  the  tenston  and  bend  tests.     This 


„j  mACenal  to  be  ductile,  free  from  injurious  defects,  and  suitable  for  the  purpose 
hshall  consist  of  all  castings  from  one  molt,  in  the  same  annealing  charge, 
^iecimens.     (a)  Sufficient  test  bars^  from  which  the  lest  specimens  required  in 
f  13  iiii  muy  lie  schrted,  shall  be  attached  to  castings  weighing  500  lb.  or  over,  ^KctvxW 
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design  of  the  castings  will  permit.     If  the  castings  weigh  leas  than  500  lb.,  or  ar#  of  such  a  dtsp 
that  test  bars  cannot  be  attached,  two  test  bars  shall  be  cast  to  represent  each  melt;  ur  the qu 
of  the  castings  shall  be  determined  by  tests  to  destruction  as  specified  in  Section  11.    Alii 
bars  shall  be  annealed  with  the  castings  they  represent* 

(b)  The  manufacturer  and  purchaser  shall  agree  whether  test  bars  can  be  attached  to  castini 
on  the  location  of  the  bars  on  the  castings,  on  the  castings  to  which  bars  are  to  be  attachrd^i 
on  the  method  of  casting  unattached  bars. 

(c)  Tension  test  specimens  shall  be  of  the  form  and  dimensions  shown  in  Fig.  i.  Bend  ( 
specimens  shall  be  machined  to  1  by  i  in.  in  section  with  corners  rounded  to  a  radius  not  owt^ 

13.  Number  of  Tests,     (a)  One  tension  and  one  bend  test  shall  be  made  from  each  an 
charge.     If  more  than  one  melt  is  represented  in  an  annealing  charge,  one  tension  and  1 
test  shall  be  made  from  each  melt. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  teodoo  I 
specimen  breaks  outside  the  gage  length,  it  may  be  discarded;  in  which  case  the  manufacturer! 
the  purchaser  or  his  representative  shall  agree  ujxjn  the  selection  of  another  specimen  in  its  1 

IV.     WORKMAiNSHIP  AND    FINISH. 

14.  Workmanship.     The  castings  shall  substantially  conform  to  the  sizes  and  shapes  oi  tkj 
patterns,  and  shall  Ix*  made  in  a  wurkmanlike  manner, 

15.  Finish,     (a)  The  castings  shall  be  free  from  injurious  defects. 
(6)   Minor  defects  which  do  not  impriJr  the  strength  of  the  castings  niay»  with  the  api^.. 

of  the  purchaser  or  his  representative,  be  welded  by  an  approved  process.  The  defects  shall  ( 
be  cleaned  out  to  w^lid  metal;  and  after  welding,  the  castings  shall  be  annealed,  if  specified  byll 
purchaser  or  his  representative, 

(c)  The  castings  offered  for  inspection  shall  not  be  painted  or  covered  with  any  sub 
that  will  hide  defects,  nor  rusted  to  such  an  extent  as  to  hide  defects* 


V-     INSPECTION  AND   REJECTION. 

16.  Inspection.  The  inspcctw  rcpresc*nting  the  purchaser  shall  ha\'e  free  entry,  at  3I!  nr^ 
while  work  un  the  contract  of  the  purchaser  is  Uing  i:>L'rfurme<l,  to  all  parts  of  the  man^i  1  t,  1  r 
works  which  concern  the  manufacture  of  the  castings  ordered.  The  manufacture!  "  i*> 
inspector,  free  of  cost,  all  reascjnable  facilities  to  satisfy  him  that  the  castings  art  i' ' 
in  accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  in>tKMHMi  ^JMliI^l 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  hr* 
conducted  as  not  to  interfere  unnecessiirily  with  the  o(jeratJon  of  the  works. 

17.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  i 
ance  with  St^ction  8  shall  be  reported  within  five  working  days  from  the  receipt  of  samples, 

(b)  Castings  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  1 
facturer's  works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

18.  Rehearing.     Sample-s  tested   in  accordance   with   Section   8,   which   re?  i 
castings,  shall  be  presi,'rved  for  two  weeks  from  the  date  of  the  test  report.     In 
faction  with  the  results  of  the  testa,  the  manufacturer  may  make  claim  for  a  rehear juv 
time. 

VI.     SPECIAL   REQUIREMENTS   FOR   CASTINGS   FOR   SHIPS. 

T9.  Castings  for  Ships,     In  addition  to  the  preceding  requirements,  castings  for  tMf^i 
so  specified,  shall  conform  to  the  following  reouirementst 

20.  Heat  Treatment     All  castings  ^hall  he  annealed, 

21,  Number  of  Tests,     (a)  One  tension  and  one  Iwnd  test  shall  be  mn'' •  ^^^.r^.  .  -  h  nf  r V 
following  castings:  stern  frames,  stern  posts,  twin  screw  spectacle  frames,  proi 
rudders,  steering  quadrants,  tillers,  stems,  anchors,  and  other  castings  when  \ 

(b)  When  a  casting  is  made  from  jnore  than  one  melt,  four  tension  and  four  bemi  u**t»* 
be  made  from  each  casting, 

22,  Percussion  Tests,  (a)  A  percussion  test  shall  be  made  on  each  of  the  following  c 
stem  frames,  stern  posts,  twin  screw  spectacle  frames,  profiellor  shaft  brackets,  rudders,  1 
quadrants,  tillers,  stems,  anchors,  and  other  castings  when  specified, 

{b)  For  this  test,  the  casting  shall  be  suspended  by  chains  and  hammered  all  aver j 
hammer  of  a  weight  approved  by  the  purchaser  or  his  representative.  If  cracks,  tlaws,  <* 
or  weakness  appear  after  such  treatment,  the  casting  will  be  rejected,. 

Vn,     SPECIAL  REQUIREMENTS  FOR  CASTINGS  FOR  R^^ILWAY  ROLLING! 

23.  Castings  for  Railway  Rolling  Stock.     Castings  for  railway  rolling  stock,  when  so  ^V^^P 
shall  conform  to  the  requirements  for  Class  B  castings,  Sections  I  ta  18,  inclusive,  cxcrpt  tM 
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[made  in  accordaoce  with  Section  8  (6)  shall  conform  to  the  requirements  as  to 
'  sulphur  specified  in  Section  6. 

>SION  OF  IRON  AND  STEEL.— If  iron  or  5tecl  is  left  exposed  to  the  atmosphere 

xygcn  and  water  to  form  rust*     Where  the  metal  is  further  exposed  to  the  action 

the  rate  of  rusting  is  accelerated  but  the  action  ia  similar  to  that  of  ordinary 

■  dr>'  air  nor  water  free  from  oxyg^en  has  any  corrosive  effect.     While  not  essential 

acids  greatly  hasten  its  action.     It  seems  evident  that  some  weak  electrolysis  is 

corrosive  action.     Where  iron  or  steel  are  in  contact  with  water  electrolytic  action 

f  t4ike  place,  although  the  amount  is  very  small  under  ordinary  conditions.     Where  a 

I'  'vtic  force  exists  the  corrosion  is  greatly  hastened*     The  increase  in  the  use 

^  jlitless  had  a  tendency  to  increase  the  corrosion  of  iron  and  steel  and  to  make 

tlje  preservation  of  iron  and  steel  from  corrosion  of  great  imfxirtance. 

on  *'  The  Corrosion  of  Iron  "  in  Proceedings  of  American  Society  for  Testing 
II,  1907,  pages  21 1  to  228,  Mr.  Allerson  S.  Cushman  shows  that  the  two  factors 
ic  corrosion  of  iron  is  impossible  are  electrolysis  and  the  presence  of  hydrogen 
or  *'  ionic  "  condition.  The  electrolytic  action  can  only  take  place  in  the 
^lygen  or  some  other  oxidizing  agent.  Rust  ii^  a  hydroxide  of  iron — ferric  hydroxide, 
rhe  corrosion  of  iron  or  steel  may  be  prevented  or  retarded  by  covering  it  with  a  coating 
otcct  it  from  the  water  or  the  air. 

>mmon]y  belic-ved,  with  good  reason,  that  cast  iron  corrodes  less  rapidly  than  either 
)n  or  steel.  The  graphite  in  the  cast  iron  and  the  silicious  coating  that  the  cast  iron 
■^Ming  doubtless  assist  In  protecting  the  cast  iron  from  corrosion, 
^^kmmonly  believed  that  steel  corrodes  more  rapidly  than  wrought  iron.  The  tests 
llff  made  to  determine  the  relative  corrosion  of  wrought  iron  and  steel  ane  ver>'  con- 
t  it  appears  certain  that  the  diflerence  in  the  corrosion  of  well  made  steel  and  well  made 
>n  is  Very  slight.  The  acid  test  as  a  measure  of  natural  corrosion  has  been  used,  es- 
firms  manufacturing  and  selling  "  ingot  iron  **  (very  low  carbon  Bessemer  or  open- 
1).  Committee  A-5  on  the  Corrosion  of  Iron  and  Steel  of  the  American  Society  for 
s  in  the  ProceetUngs  of  the  Society,  vol,  XI,  191 1,  page  100,  states  thai  it  tonndrrs 
rehaUe  as  a  measure  of  natural  corrosion  and  does  not  recommend  Us  use. 

on  **  The  Corrosion  of  Iron  **  above  referred  to,  Mr.  Cushman  states :^ — **  A 
impression  prevails  that  charcoal  iron  or  a  puddled  wrought  iron  are  more  re- 
in rK  kn  steel  manufactured  by  the  Bessemer  and  open-hearth  processes.     It  is 
:  this  is  the  case,  but  it  would  follow  from  the  electrolytic  theory  that  in 
I  resistance  to  corrosion  a  metal  should  either  be  as  free  as  possible  from 
^uth  as  manganese,  or  should  be  so  homogeneous  as  not  to  retain  localized 
jative  nodes  for  a  lung  time  without  change.     Under  the  first  condition  iron  would 
the  advantage,  but  under  the  second  much  would  depend  upon  the  care  exercised 
r,  whatever  process  was  used." 

x'ding  di?cussion  it  would  appear  that  neither  **  ingot  iron  "  nor  wrought  iron 
ge  in  resisting  corrosion  over  a  well  made  structural  steel. 

•The  paints  in  use  for  protecting  structural  steeJ  may  be  divided  into  oil  paints, 
It  paints,  varnishes,  lacquers,  and  enamel  paints.     The  last  two  mentioned  are 
use  on  a  large  scale  and  will  not  be  considered. 

5. — An  oil  paint  constats  of  a  drying  oil  or  varnish  and  a  pigment,  thoroughly 

er  to  form  a  workable  mixture.     "  A  good  paint  is  one  that  is  readily  applicH,  has 

rs,  adheres  well  to  the  metal,  and  is  durable."     The  pigment  should  be  inert 

h  it  is  applied  and  also  to  the  oil  with  which  it  is  mixed.     Linseed  oil  is  com- 

imish  or  vehicle  in  oil  paints,  and  is  unsurpassed  in  durability  by  any  other 

iiseed  oil  will,  when  applied  to  a  metal  surface,  form  a  transparent  coating  that 

tutection  for  a  time,  but  is  soon  destroyed  by  abrasion  and  the  action  of  the 

coating  thicker,  harder  and  more  dense,  a  pigment  is  added  to  the  oil, 

to  concrete,  the  linseed  oil  and  pigment  in  the  |>alnt  corresponding  to  the 

on  paints  b  taken  from  the  author's  "  The  Design  of  Steel  Mill  Buildings-** 
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cement  and  the  aggregate  in  the  concrete.  The  pigments  used  in  making  oil  paints  for  pcotiri 
metal  may  be  divided  into  four  groups  as  follows:  (i)  lead;  (2)  zinc;  (3)  iron;  l4>  cArhon        * 

Linseed  OIL — Linseed  oil  is  made  by  crushing  and  pressing  flaxseed.     Tl:  « 

vegetable  impurities  when  made,  and  should  be  allowed  to  stand  for  two  or  thr  c 

and  settle  befnrc  being  Uiied.     In  this  form  the  oil  is  known  as  raw  linseed  oil.  an- 1  :  r 

Raw  linseed  oil  dries  (oxidizes)  very  slowly  and  for  that  reason  is  not  often  used  in  i 

structural  iron  paint.     The  rate  of  dr^'ing  of  raw  Hnseed  oil  increases  with  age;  ^  h 

very  much  better  for  paint  than  that  which  has  been  but  recently  extracted,      1  i 

can  be  made  to  dry  more  rapidly  by  the  addition  of  a  drier  or  by  boiling.      Linn  c 

oxidation  and  not  by  evaporation,  and  therefore  any  material  that  will  make  it  take  u(j  «i]d 
more  rapidly  is  a  drier.  A  common  method  of  making  a  drier  for  linseed  oil  is  to  put  th*'  Hflj 
oil  in  a  kettle,  he^t  it  to  a  temperature  of  40Q  to  5cx>  dfegrees  F.,  and  stir  in  at><»»r  m 

red  lead  or  litharge,  or  a  mixture  of  the  two,  to  each  gallon  of  oil.     This  mixiurt  li 

down  by  adding  enough  linseed  oil  to  make  four  gallons  for  each  gallon  of  raw  oil  nrx  '.>m  i« 
kettle.  The  addition  of  four  gallons  of  this  drier  to  forty  gallons  of  raw  oil  will  rf<iure  the  til 
drying  from  about  five  days  to  twenty-four  hours,  A  drier  made  in  this  way  f  ri^tw  ni-.r*  tU:\t 
pure  linseed  oil,  so  that  driers  are  very  often  made  by  mixing  lead  or  manga n  t 

and  turpentine,  benzine,  or  rosin  oil.     These  driers  can  t>e  made  for  ver>'  mui  1  t 

of  go<>d  linseed  oil,  and  arc  used  as  adulterants;  t/ie  more  of  the  drier  that  is  put  ihIq  iht  p^m 
quicker  ti  will  dry  and  the  poorer  it  becomes.  Japan  drier  is  often  used  with  raw  oil,  nnd  whrd 
or  any  other  drier  is  added  to  raw  oil  in  barrels,  the  oil  is  said  to  be  "  boiled  thn  1      '  U 

Boiled  linseed  oil  is  made  by  heating  raw  oil*  to  which  a  quantity  of  red  li  r^ 

lead,  etc*,  has  been  added,  to  a  temperature  of  400  to  500  degrees  F,,  or  by  1 

heated  air  through  the  oil.     Heating  linseed  oil  to  a  temperature  at  which  n  r 

rise  to  the  surface  makes  it  dry  mori*  rapidly  than  the  unhealed  oil;  however,  i.  ...    .    ^  ^, 

tinued  for  more  than  a  few  hours  the  rate  of  dr>'ing  is  decreased  by  the  boiling.  Boiled  tjfl 
oil  is  darker  in  color  than  raw  oil,  and  is  much  used  for  outside  paints.  It  shoulrl  drs  in  frnrrij 
24  hours  when  spread  out  in  a  thin  fihii  on  glass.     Raw  oil  makes  a  stronger  and  f  1 

boiled  oil,  but  it  dries  so  slowly  that  it  is  seldom  used  for  outside  work  without  li  n 

drier- 

Lead.^tFA*/tf  Lead  (hydrated  carbonate  of  lead — specific  gravity  6.4)  is  used  for  tnterior «4 
exterior  wood  work.  White  lead  forms  an  excellent  pigment  on  account  of  it^  ^ --V  r'hcsjtina^ 
covering  power,  but  it  is  easily  darkened  by  exposure  to  corrosive  gases  and  1  inii-graJi* 

under  these  conditions,  requiring  frequent  renewal.     It  does  not  make  a  gu    .  >  .    n  lu 

other  paints,  and  if  it  is  to  be  used  at  all  for  metal  work  it  should  be  used  over  ano 

Red  Letid  (minium:  lead  tctroxidc^— specific  gravity  8.3)  is  a  heavy,  red  p 
mating  in  shade  to  orange;  is  affected  by  acids,  but  when  used  aa  a  paint  is  very  st. 
under  exposure  to  the  weather.  Red  lead  is  seldom  adulterated,  about  the  onl> 
for  the  purpose  being  red  oxide.  Red  lead  is  prepared  by  changing  metallit:  Wad  lutr 
litharge,  and  converting  this  product  into  minium  in  calcining  ovens.  Red  lead  inu  1  ]• 
paints  must  be  free  from  metallic  lead.  One  ounce  of  lampblack  added  to  one  pound  ol  nU  lol 
changes  the  color  to  a  deep  chocolate  and  increases  the  time  of  dr>^ing.  This  compound  ibi 
mixed  in  a  thick  paste  will  keep  30  days  without  hardening. 

Zinc— Zinc  white  (zinc  oxide — specific  gravity  5.3)  is  a  white  Umsc  powder,  devtjil    I   tt  ' 
or  taste  and  has  a  good  covering  |>owcr.     Zinc  paint  has  a  tendency  to  peel,  and  v:h>r 
there  is  a  tendency  to  form  a  zinc  soap  with  the  oil  which  is  easily  washed  off,  and  r 
not  make  a  good  paint.     However,  when  mixed  with  red  oxide  of  lead  in  the  prop^ 
to  3  zinc,  or  2  lead  to  I  zinc,  and  ground  with  linseed  oil,  it  makes  a  v^er\'  durable  pauu  )i>r  mo-J 
surfaces.     This  paint  dries  very  slowly,  the  zinc  acting  to  delay  hardening  about  the  sanJf  ■ 
lampblack. 

Iron  Oxide, — Iron  oxide  (specific  gravity  5)  is  composed  of  anhydrous  sesquioxide   h-       1 
and    hydrated    sesqmoxide    of   iron   (inm   rust).      The    anhydrous    oxide   is  the  char     ^ 
ingredient  of  this  pigment  and  very  little  of  the  hydrated  oxide  should  be  present,      fi    ' 
sc^uioxtde  of  iron  is  simply  iron  rust,  and  it  probably  acts  as  a  carrier  of  oxygen  an 
rates  corrosion  when    it  is  present    In    considerable  quantities.       Mix(^d   with  the  it > 
various  other  ingredients,  such   as  clay,  ocher  and   earthy  materials,  which  ofren  (nrm  ^    1     * 
per  cent  of  the  mass.     Brown  and  dark  red  colors  indicate  the  anhydrous  oxid» 
the  l)est.      Bright  red,  bright  purple  and  maroon  tints  ar- characteristic  of 
make  less  durable  paints  than  the  darker  tints.      Care  should  be  used  in  buy  ...k  ""«     -^   ^ 
see  that  it  is  finely  ground  and  is  free  from  clay  and  ocher. 

Carbon.-— The  most  common  forms  of  carbon  in  use  for  paints  are  lampblack  ^r,A       ihm 
Lampblack  (specific  gravity  2.6)  is  a  great  absorbent  of  linseed  oil  and  makes  an  e.X' 
Graphite  (black  lead  or  plumbago — sf>ecific  gravity  2.4)  is  a  more  or  less  impure  i  • 

and  when  pure  is  not  aflFected  by  acids.     Graphite  docs  not  absorb  nor  act  chemicAiijr  <w>  «»*• 


rfHHi 


PAINTS   AND    PAINTING. 

i  the  vamish  simpiy  holds  the  particle*  of  pigment  together  m  the  same  manner  as  the 

-.ncr-tc*     There  are  two  kinds  of  graphite  in  common  use  for  paints — the  granular 

ite.     The  Dixon  Graphite  Co.,  of  Jersey  City,  uses  a  flake  graphite  combined 

,*  Detroit  Graphite  Manufacturing  Co.  uses  a  mineral  ore  with  a  larj^e  per* 

1  g^ranulated  form.     On  account  of  the  small  specific  gravity  of  the 

paints  have  a  very  large  covering  capacity.     The  thickness  of  the 

*vvi  1.  L«nii  >i»  inuifi^ly  reduced.    Boiled  linseed  oLl  should  always  be  used  with  carbon. 

r  the  Paint. — ^The  pigment  should  be  finely  ground  and  should  preferably  be  ground  with 
I  lis  should  be  bought  from  relial>le  dealers,  and  should  be  mixed  as  wanted. 
ri>  grind  the  paint,  better  results  will  usually  be  obtained  from  hand  mixed 
nl  lass  materials  than  from  the  ordinary  run  of  prepared  paints  that  are  supposed 

I.  Many  ready  mixed  paints  arc  s<jld  for  Itss  than  the  price  of  linseed  oil, 
ik"'^  It  evident  that  little  if  any  oil  has  been  used  in  the  piint.  The  paint  should  be 
ivacd  with  oil,  or  if  necessary  a  small  amount  of  turpentine  may  be  added;  hmvner  turpentine 
pa  admliefttni  ^tnd  skotUd  he  used  sparingly,  Bentine,  gasoline,  etc..,  sliould  never  be  u^ed  in  paints^ 
libe  p^Qt  dries  without  oxidizing  and  then  rubs  ofT  like  chalk. 

. — The  proper  prop<:)nions  of  pigment  and  oil  required  to  make  a  good  paint 

lifferent  pigments,  and  the  meth^xls  of  prt.-paring  the  paint;  the  heavirr  and  the 

id  pigments  require  less  oil  than  the  lighter  or  coarsely  groimd  while  ground 

I  oil  than  ordinarv'  mixed  paints.     A  common  rule  for  mixing  paints  ground  in 

^  tach  gallon  of  linseed  oil,  dry  pigment  ecjua I  to  three  to  four  times  the  specific 

iont,  the  weight  of  the  pigment  being  given  in  pounds.     This  rule  gives  the 

pigment  per  gallon  of  linseed  oil:  white  lcad\  19  to  26  lb.;  red  lead,  25  to  33  lb.; 

m  oxide,  15  to  20  lb.*  lampblack,  8  to  lo  lb.;  graphite,  8  to  10  lb.     The  weights 

ua?d  per  gallon  of  oil  varies  about  as  follows:  red  lead,  20  to  33  lb.;  iron  oxide,  8  to 

phih'     1  rri  12  lb. 

city. — ^The  covering  capacity  of  a  paint  depends  upon  the  uniformity  and 

ling;  the  thinner  the  coating  the  larger  the  surface  covered  per  unit  of  paint. 

^iven  thickness  of  paint  therefore  requires  practically  the  same  amount  of  paint 

pnt  may  be.     The  claims  often  urged  in  favor  of  a  particular  paint  that  it  nas  a 

iiy  may  mean  nothing  but  that  an  excess  of  oil  has  btnm  usetl  in  its  fabrication. 

c  amounts  of  oil  and  pij^ment  required,  and  the  covering  capacity  of  different 

fviM.ittved  from  Table  Mil,  Chapter  X Ml. 

■  lural  work  will  average  about  250  square  feet,  and  heavy  structural  work  about 
f  of  surface  per  net  ton  of  metal 
r  common  practice  to  e^^timate  i  gallon  of  paint  for  the  first  coat  and  |  gallon  for  the 
r  ton  of  structural  steel,  for  average  conditions. 

Paint ^The  paint  should  be  thoroughly  brushed  out  with  a  roimd  brush  to 
)m\T.  The  paint  should  be  mixed  only  as  wanted,  and  should  be  kept  well  stirred, 
to  apply  paint  in  cold  weather,  it  should  l>e  heated  to  a  temperature  of  130 
iint  should  not  be  put  on  in  freezing  weather.  Paint  should  not  be  applied 
It.  dampt  or  during  foggy  weather.  The  first  coat  should  be  allowed  to  stand  for 
'  days,  or  until  thoroughly  dr>',  before  applying  the  second  coat.  If  the  second  coat 
iovc-  the  first  coat  has  dried,  the  dn,'ing  of  the  first  coat  will  be  very  much  retarded. 
Dg  the  Surface. — Before  applying  the  paint  all  scale,  rust,  dirt,  grease  and  dead  paint 
loiild  be?  removed.  The  metal  may  be  cleaned  by  pickling  in  an  acid  bath,  by  scraping  and  brushing 
[th  wif^  brushes,  or  by  means  of  the  sand  lilast.  fn  the  process  of  pickling  the  metal  is  dipped 
'  Lbath,  which  is  followed  by  a  bath  of  milk  of  Ume,  and  afterwards  the  metal  is  washed 
water.  The  method  is  expensive  and  not  satisfactory  unless  extreme  care  is  used  in 
I  traces  of  the  acid,  .\nother  objection  to  the  process  is  that  it  leaves  the  metal  wet  and 
ng  to  begin  before  the  paint  can  be  applied.  The  most  common  method  of  cleaning 
Rg  with  wire  brushes  and  chisels.  This  method  is  slow  and  laborious.  The  method  of 
'  mcaiu  of  a  sand  blast  has  been  used  to  a  limited  extent  and  promises  much  for  the 
•avtrage  cost  of  cleaning  five  bridges  in  Columbus,  Ohio,  in  1902,  was  3  cts.  per  sq. 
ncd.*  The  bridges  were  old  and  s<ime  were  badly  rusted.  The  painteni  followed 
id  covered  the  newly  cleaned  surface  with  paint  before  the  rust  had  time  to  form, 
timatffs  the  co<t  of  cleaning  light  bridge  work  at  the  shop  with  the  sand  blast  at 
rid  the  cost  ai  fuavy  bridge  work  at  St. 00  per  ton.  In  order  to  remov^e  the  mill 
tnm*  nJ.  ,1  that  rusting  be  allowed  to  start  before  the  sand  blast  is  used.  One 
1  ilast  is  that  it  leaves  the  surface  perfectly  dry,  so  that  the  paint  can 
formed. 

!  B|j«t  Ctcaning  of  Structural  Steel,  by  G.  W.  Lilly,  Trans.  Am.  Soc.  C.  Em  Feb.,  i<jov 
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Priming  or  Shop  Coat — Engineers  are  very  much  dividwl  as  to  what  makes  the  hc^ 
coat:  some  six-cify  a  fifi^t  cuat  of  piin?  linseed  oil  and  others  a  priming  coat  of  paint.     L. 
makes  a  transparent  coaling  that  allows  impcrft-ctions  in  the  workmanship  and  nisud  a^B 
to  be  easily  seen;  it  is  not  permanent  however,  and  if  the  metal  is  exposed  for  a  long  time  tl^| 
will  often  be  entirely  removed  before  the  second  coat  is  applied.     It  is  also  clii;       '  ^        '     i^H 
will  not  adhen:-  as  well  to  linseed  oil  that  ha^  weathered  as  to  a  g<xid  paint.     Lir  ^"^1 

results  if  applied  hot  to  the  metal.     Another  acKnintageof  utiing  oil  as  a  prinu..^  t^| 

erection  marks  can  be  painted  over  with  the  oil  without  fear  of  covering  them  up.  i^^l 

toned  down  with  lampblack  is  probably  used  more  for  a  priming  coat  than  any  rr  '  ^11 

B.  &  O.  R.  R.  uses  lo  oz.  of  lampblack  to  every  12  lb,  of  red  lead.  Linseed  oil  mixcti  with«  GajSH 
amount  of  lam[)Ulack  makes  a  very  satisfactor>'  priming  or  shop  coat*  J 

Without  going  further  into  the  controversy  it  would  seem  that  there  is  very  little  choice  bct^^| 
linseed  oil  and  a  good  red  lead  paint  for  a  priming  coat.  For  data  on  the  standard  shop  pi^M 
specifietl  by  different  railroads,  see  digest  of  specifications  in  Chapter  IV\  ^^1 

Finishing  Coat. — From  a  careful  study  of  the  question  of  paint,-^,  it  would  seem  that  (or^^t 
nary  conditions,  the  quality  of  the  materials  and  workmanship  is  of  more  importance  in  pail^H 
metal  structures  than  the  particular  pigment  used.  If  the  priming  coat  has  U-en  prtiq^| 
applied  there  is  no  reason  why  any  good  grade  of  ijaint  compose<J  of  pure  linscc^d  oil  and  •i^m 
finely  ground,  stable  and  chemically  non -injurious  pigment  will  not  make  a  ver>'  satisfactur>  (tniifrn 
ing  coat.  Where  the  paint  is  to  be  subjected  to  the  action  of  corrosive  gases  or  blasts,  ho^rvrr,  I 
there  is  certainly  quite  a  difference  in  the  results  obtained  with  the  different  pigments.  The  I 
graphite  and  asphalt  paints  apfK\ir  to  withstand  the  comjding  action  of  smelter  and  engine  ic^K!  J 
better  than  red  lead  or  iron  oxide  paints;  while  red  lead  is  probably  better  under  these  conditigM 
than  iron  oxide.  Portland  cement  paint  or  coal  tar  paint  are  the  only  paints  that  will  with^^^ 
the  action  of  engine  blasts.  ^^ 

To  obtain  the  best  results  in  painting  metal  structures  therefore,  proceed  as  follows:  (l)  pr^\ 
pare  the  surface  of  the  metal  by  carefully  removing  all  dirt,  grease*  mill  s*  ale*,  rust,  etc.,  and  on 
It  a  priming  coat  of  pure  linseed  oil  or  a  gtx>d  paint — red  lead  seems  lo  be  the  most  used  f<)f^H 
purpose;  (2)  after  the  metal  is  in  place  carefully  remove  all  dirt,  grease,  etc.,  and  apply  the  Anw^H 
coats — preferably  not  less  than  two  coats — giving  ample  time  for  each  coat  to  dry  K^forc  ^ppl^H 
the  next.  The  separate  coats  of  paint  should  be  of  different  colors.  Painting  should  not  hel^H 
in  rainy  weather,  or  when  the  metal  is  damp,  nor  in  cold  weather  unless  sp<    :    '  i$^^ 

taken  to  warm  the  paint.     The  Ix^st  results  will  usually  be  obtained  if  the  mai  '^^1 

in  bulk  from  a  responsible  dealer  and  the  paint  ground  as  wanted.     Good  resuli    .., .  ,...,., ',  ^H 

many  of  the  patent  or  ready  mixed  paints,  but  it  is  not  possible  in  this  place  to  go  into  a  discusM.  | 
-of  their  resfx-ctive  merits.  I 

ASPHALT  PAINT. — Many  prepared  paints  are  sold  under  the  name  of  asphalt  that  arc  mil*  j 
turt^  of  coal  tar,  or  mineral  asphalt  alone,  or  combined  with  a  metallic  base*  or  oil*^.  Th^MX^J 
•compositions  of  the  patent  asphalt  paints  are  hard  to  determine.     Black  bridge  ;  ^'^Ifl 

Edward  Smith  &  Co.,  New^  York  City,  contains  asphaltum,  linseed  oil,  turpentine  n  ^t^| 

The  paint  has  a  varnish-like  finish  and  makes  a  very  satisfactory  paint.  The  biui  k  suadcs^ 
asphalt  paint  are  the  only  ones  that  should  be  used.  1 

COAL  TAR  PAINT.— C«>al  tar  paint  is  occasionally  used  for  painting  gas  t  itA^  <m*  if.r*  lnS^ 
similar  structures  that  receive  rough  usage,     t  iial  tar  paint  mixed  as  descri 

used  by  the  U.  S.  Navy  Department  for  painting  the  hulls  of  ships.     It  shci  

service  where  the  metal  is  subject  to  corrosion.  The  coal  tar  paint  is  mixed  at*  loliows:  llii&|rifl 
portions  of  the  mixture  are  slightly  variable  according  to  the  original  consistency  oi  the  tJd^H 
use  for  which  it  is  intended  and  the  Himate  in  which  it  is  used.  The  proportions  wiB  iJB 
between  the  following  proportions  in  volume*  JH 

Coal  Tar*    Portkml  Oemeoc*    KfCHflK^f 

New  Orleans  Miicture .,  .8  t  I       I 

Annapolis  Mixture 16  4  3        1 

The  Portland  cement  should  first  be  stirred  into  the  kerosene,  forming  «  <  r».A.nv  mht'irt.  1 
the  mixture  is  then  stirred  into  the  coal  tar.     The  paint  should  be  freshly  ti  ] 

stirred.     This  paint  sticks  well,  does  not  run  when  c:xpf*sed  to  the  sun's  rays 
factory  paint  for  rough  work.     The  cost  of  the  paint  will  var>'  from  to  to  20  a  a,  f;*ii  u.iUan* 
kerosene  oil  acts  as  a  drier,  while  the  Portland  cement  neutralizes  the  crxil  tar. 

If  it  is  desired  to  paint  with  oil  paint  a  structure  which  has  been  {minted  with  coal  t^r  p4J«' 
the  surface  must  be  scraped  and  all  the  coal  tar  removed.  ^         . 

CEMENT  AND  CEMENT  PAINT.— Experiments  have  shown  that  a  thm ■-  ■  -^  ^'  -^'i» 

cement  is  effective  in  preventing  rust;  that  a  concrete  to  be  effective  in  pre\  *| 

dense  and  male  ver\^  wet.     The  steel  must  bc^  clean  when  imbedded  in  the  ....  ^^  •] 

quite  a  difference  of  opinion  as  to  whether  the  metal  should  be  paintccj  before  being  imbedikd*! 
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ibly  best  to  paint  the  metal  if  it  is  not  to  be  imbedded  at  once,  or  is  not  to  be  used 
conntruction  where  the  adhesion  uf  the  cement  to  the  metal  is  an  essential  element, 
letal  is  tu  be  imbe<Jded  immediately  it  is  hieiter  not  to  paint  it. 

Cemeat  Paint.— A  Portland  cement  paint  has  been  used  on  the  High  St.  viaduct  in 

Ohio,   with  good  results.     The  viaduct  was  exposed  to  the  fumes  and  blasts  from 

I,  ^1  that  an  ordinary  paint  did  not  last  more  than  six  months  even  on  the  least  exposed 

rhod  of  mixinK  and  applying  the  pairtt  is  described  in  Engineering  News, 

i  I   5th,  1902,  as  follows:  "*  The  surface  of  the  meta!  was  thoroughly  cleaned  with 

f^'S — the  bridge  had  lx."en  cleaned  with  a  sand  blast  the  previous  year,     A  thick 
:  was  then  applied  and  l>efore  it  had  time  to  dr>^  a  coating  was  applied  as  fol- 
y^  ;  iruwel  to  the  minimum  thickness  of   A   in-  and  a   maximum   thicknoss  of 

^  ^s  i  in,)  a  mixture  of  32  lb.  Portland  cement,  12  lb.  dry  finely  [fround  lead,  4 

'  d  oil»  2  to  3  lb.  Japan  drier.**     After  a  peritxl  of  about  two  years  the  coating 
|li*iii  pi  rfect  condition  and  the  metal  under  the  coating  was  as  clean  as  when  painted, 
the  coating  including  the  hand  cleaning,  materials  and  labor  was  8  cts.  per  sq»  ft. 


nONS  FOR  THE  MILL  INSPECTION  OF  STRUCTURAL  STEEL.* 

the  contract  and  specifications  and  secure  such  information  concerning  the  pro- 
ture  as  will  permit  a  full  understanding  of  the  use  to  be  made  of  the  various  items  of  the 

-^  •♦(  the  mill  orders,  shipping  directions  and  other  information  concerning  the 

.    ly  when  notified  of  the  rolling  of  material  and  so  conduct  the  inspectioii 
I  not  to  interfere  unnecessarily  with  the  operations  of  the  mill. 

tivc  the  test  specimens  prepared  and  properly  stami>ed  with  the  melt  numbers  by  the 
er.     Observe  the  selection  and  stamping  of  specimens  and  verify  the  melt  numbers 
lif^ble. 

I  and  supervide  the  making  of  tensile,  bending  and  drifting  tests»     Make  sure  that 
chines  are  properly  handled  and  that  the  speoifted  sjKfd  of  pulling  is  not  exceeded. 
Ivior  of  the  metal  and  check  and  record  the  results  of  the  tests, 
licet  the  bars  or  other  members  for  full-size  tests  as  specified*     Supervise  such  tests 
land  record  their  results* 

cure  from  the  manufacturer  records  of  the  chemical  analyses  of  the  melts  and  accept 
f  in  whirh  the  specified  contents  of  impurities  are  not  exceeded. 

eg  of  the  test  ingots  and  test  specimens  and  have  check  analyses  made  outside 
rs'  laboratory  when  the  analyses  furnished  by  the  manufacturer  are  erratic  or 
r :    ^  to  be  incorrect. 

of  fmished  material  for  surface  defects  before  shipment,  requiring 

....*,...^  .  m  a  manner  that  wnll  permit  the  examination  to  be  thorough  and 

ispection  should  detect  evidence  of  excessive  gagging  or  other  injury  due  to 

ft  promptly  the  shipment  of  any  material  from  the  mill,  whose  surface  inspection 
A*     Such  material  should  be  examined  by  the  shop  inspector. 

the  section  of  all  material  by  measurement  and  by  weight. 

the  operations  of  the  plant  and  become  familiar  with  the  various  processes  of 

ale  the  acquaintance  of  the  mill  employees  and  become  familiar  with  their  work  so  as 
rt  L:n..u !.  iHire  of  thc  mill  practice  and  determine  as  well  as  the  circumstances  permit 
lill  practice  in  so  far  as  it  is  cov^ered  by  the  specifications. 
IS  and  analyses  on  thc  forms  provided. 
inJormcd  as  to  the  pn:>gress  of  the  work  in  the  shop  and  endeavor  to  secure  thc 
^tvrial  at  such  times  and  in  such  order  as  to  avoid  delay  in  the  fabrication- 
pies  of  the  shipping  lists  and  compare  them  with  the  orders  and  make  regular 
iterial  that  has  bi-vn  rolled  and  shipped. 

K>ns  weekly  or  as  may  l>e  directed,  submitting  complete  records  of  tests, 
I  shipments  and  such  other  information  as  may  be  required, 

Riilway  Engineering  Association,  Adopted,  Vol.  14^  1913* 
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INSTRUCTIONS   FOR  THE  INSPECTION  OF  THE  FABRICATION  OF 

STEEL  BRIDGES.* 

(i)  Acquire  a  full  knowledge  of  the  conditions  of  the  contract,  such  as  the  time  of  delivery, 
the  railway  company's  actual  need  of  the  work,  the  desired  order  of  shipment,  and  any  special 
features  in  connection  with  delivery  such  as  the  position  of  the  girders  or  truss  members  on  can 
at  the  bridge  site. 

(2)  Study  in  advance  the  plans  and  specifications  and  see  that  all  provisions  thereof  are 
complied  with.     These  instructions  are  not  be  construed  as  altering  the  specifications  in  any  iray. 

Check  every  finished  member  against  the  drawings  for  its  general  dimensions  and  for  the 
section  of  each  piece  of  material  forming  a  component  part  of  the  member. 

(3)  Endeavor  to  maintain  pleasant  relations  with  foremen  and  the  workmen  and  by  fairne*. 
decisiveness  and  good  sense  interest  them  in  the  successful  completion  of  the  work. 

(4)  Attend  constantly  to  the  work,  making  inspection  during  the  progress  of  the  work  b  tk 
shop,  striving  to  keep  up  with  the  output  in  order  that  errors  may  be  corrected  before  the  work 
leaves  the  shop. 

Attend  the  weighing  of  material  whenever  practicable,  especially  that  purchased  on  wrigltf 
basis.     Check  the  accuracy  of  the  scales  with  test  weights  or  by  other  sufficient  means. 

Conduct  the  inspection  so  as  not  to  interfere  unnecessarily  with  the  routine  operations  of  tlie 
shop. 

(5)  When  unusual  circumstances  require  an  explanation  of  the  plans  or  some  variation  fron 
the  specified  procedure,  take  the  necessary  action  promptly. 

(6)  Study  the  field  connections,  paying  particular  attention  to  clearances  and  making  nota- 
tions on  the  drawings  so  that  they  may  be  checked  rapidly. 

(7)  Check  all  bevels  and  field  rivet  holes. 

(8)  Give  careful  attention  to  the  quality  of  the  workmanship,  the  condition  of  the  plain 
material,  accuracy  of  punching,  care  in  assembling,  alignment  of  rivets,  tightness  of  rivets,  a^ 
curacy  of  finishing  of  machined  joints,  painting  and  general  finish. 

(9)  Make  sure  that  reamed  holes  are  truly  cylindrical  and  that  drillings  are  not  allowed  to 
remain  between  assembled  (>arts. 

(10)  Watch  for  bends,  kinks,  and  twists  in  the  finished  members  and  make  certain  that  wh« 
leaving  the  shop  they  are  in  proper  condition  for  erection. 

(11)  Make  sure  that  the  webs  of  girders  do  not  project  beyond  the  flange  angles  and  that  tie 
depth  of  web  lielow  the  flanj^e  angles  complies  with  the  specification. 

(12)  Allow  only  the  material  rolled  and  accepted  for  the  work  to  be  used  therein. 

(13.)  1  lave  the  fabricated  material  shipi^ed  in  the  correct  order  for  erection  and  in  accordance 
with  instructions,  as  far  as  practicable. 

(14)  Measure  the  width  of  each  column  and  the  lengths  of  all  girders  between  columns  when 
they  are  to  be  placed  consecutively  in  a  lonjj  row  so  as  to  insure  that  the  columns  and  girders  wiD 
not  "  builcl  out  "  in  erection,  so  as  to  exceed  the  calculated  length. 

(15)  Check  "  rights  "  and  "  lefts  "  and  make  sure  that  the  proper  number  of  each  is  shipped. 

(16)  Check  base  plates  of  girders  before  riveting  and  make  sure  that  the  camber  isiH< 
reversed. 

(17)  Check  the  space  provided  for  driving  field  rivets,  allowing  sufficient  space  for  the 
penumatic  riveter. 

(18)  Examine  field  connections  after  riveting  to  insure  proper  fitting  and  ease  of  crectioo. 

(19)  Make  sure  that  shop  si)lices  are  proixirly  fitted  and  that  matched  and  milled  surfaces 
to  transmit  bearing  arc  in  close  contact  during  riveting  as  specified. 

(20)  Examine  and  measure  bored  pinholes  carefully  to  insure  proper  dimensions  and  spacing 
and  smoothness  of  finish. 

(21)  Measure  the  spacing  center  to  center  of  the  end  connections  for  sections  of  I-bcaa 
floors  or  any  similar  construction  in  which  the  calculated  spacing  is  liable  to  be  exceeded  becau* 
of  the  tendency  of  such  work  to  **  grow  "  as  it  is  assembled. 

{22)  Make  sure  that  stringers  connecting  to  floorbeams  beneath  the  flange  have  sufficient 
clearance  to  care  for  their  possible  over-run  in  depth. 

(23)  Have  the  assembling  of  trusses  and  girder  spans  required  by  the  sp>ecifications  careiuily 
done  and  in  any  case  insure  the  accuracy  of  field  connections.  If  a  large  number  of  duplicate 
parts  are  to  be  made,  the  number  of  parts  to  be  assembled  should  be  governed  by  the  workmanship- 
If  errors  are  found,  a  sufficient  number  of  jjarts  should  be  assembled  to  make  it  reasonably  certatf 
that  such  errors  have  been  eliminated. 

Have  through  girder  spans  with  I-beam  floors  partially  assembled  and  at  least  one  bracket 
bolted  in  its  final  position. 

*  American  Railway  Engineering  Association,  Adopted,  Vol.  14,  1913,  and  Vol.  15,  I9'4' 


MISCELLANEOUS    METALS. 


519 


:  one  upper  and  lower  shoe  of  each  kind  assembled  and  make  sure  that  there  is 

Lire  th.it  iron  templets  used  for  reaming  are  properly  set  and  held  to  line, 
match-marking  diagrams  for  work  which  has  been  assembled  and  reamed  and 
h  marl^  are  plainly  visible. 
[\  ruber  blocking  used  in  assembling  trusses  and  secure  the  desired  camber 

that  all  treads  and  supports  for  the  drums  of  draw  spans  be  carefully  leveled 

carefully  the  machine  details  and  discriminate  between  those  dimensions  which 
j|ij  those  in  which  slight  variations  are  permissible. 

^"^1  advance  the  desired  accuracy  of  driving  fits  for  bolts  or  keys  and  similar  parts 
at  such  accuracy  b  attained. 

castings  carefully   for   blowholes  and    other  imperfections  and  discriminate 
x'ts  as  are  unimportant  and  those  which  rendt^r  the  castings  unfit  for  use. 
^  »ure  that  bushings,  collars  and  similar  parts  are  held  securely  in  place. 
oe  sure  that  all  drum  wheels,  expansion  rollers,  turntable  rollers  and  similar  parts 
ize,  so  as  to  carrj'  equally  the  loads  which  may  be  placed  upon  them. 
rrtJiin  in  advance  that  the  paint   provideti  complies  with  specifications.     Watch 
|>ainting  directions  and  make  sure  that  paint  is  projxfrly  applied  and  only  where 

U  shop  marks  and  make  sure  that  they  are  legible  as  well  as  correct. 
porta nt  members  so  loaded  as  to  be  headed  in  the  right  direction  upon  arrival 
work. 
[lew  countersunk  head  bolts  in  the  holes  where  they  are  to  be  used  to  insure  a 

ure  that  small  pieces  are  bolted  in  place  for  shipment  as  shown  on  the  plans  and 
[|iarts  are  properly  boxed  or  otherwise  secured  against  loss. 

Bure  that  ri\T,*ts,  tie  rods,  anchor  bolts  and  miscellaneous  parts  arc  shipped  so  as 
i  erection. 

the  field  rivets  to  insure  that  they  are  free  from  fins  or  other  defects. 

Vcare  in  the  examination  of  all  movable  structures  and  particularly  their 

c?kly  or  as  directed,  exhibiting  carefully  and  concisely  the  actual  con- 
carefully  and  report  such  unusual  difficuUies  as  may  be  encountered  and  the 
overcoming  them,  and  endeavor  by  a  study  of  the  details  or  other  means  to 
lations  which  will  prevent  their  recurrence  in  future  work. 

rOUS  METALS. — ^The  physical   properties  of  the  following   metals  depend 
cast,  roll»l,  or  drawn,  and  upon  the  details  of  manufacture,  and  the  values 
approximate. 

a  specific  ifravity  of  2.58  to  2.7,  The  ultimate  tensile  strength  per  sq.  in.  is 
>r  cast,  24,000  lb.  for  sheet,  and  30,000  to  65,(X>o  lb.  for  aluminum  wire.  The 
HI  i  the  ultimate  strength.     The  mcxiulus  of  elasticity  is  about  11,000,000  lb. 

is  used  in  engineering  construction  principally  in  the  form  of  an  alloy- 
specific  gravity  of  8.6  to  8.9.     The  ultimate  tensile  strength  varies  from  36,000 
sq.  in.  for  st^ft  copptT  wire  with  an  elongation  in  10  in.  of  35  to  20  per  cent;  to 
lib.  per  sq.  in,  for  hard -drawn  copper  wire  with  an  elongation  var>'ing  from  3.75 
to  an  elongation  of  0.85  per  cent  in  60  in.     Copper  is  also  used  in  an  alloy  with 


I 
I 


er,  has  a  specific  gni\nty  of  about  7.00.     The  ultimate  tensile  strength  per  sq,  in, 
^to  Sooo  lb.     It  is  used  for  galv^aniztng  and  for  making  alloys, 
i  specific  gravity  of  about  8.8.     Nickel  is  used  principally  in  alloys. 

gravity  of  about  7.35.     Tin  is  used  as  a  covering  for  iron  and  steel  sheets  and 


rtfii:  gravity  of  about  11.4.  Lead  is  very  plastic  and  flows  easily  under  stress. 
I  ulloy  is  a  combi nation  of  two  or  more  metals  made  by  mixing  them  when  in  a 
Alloys  arc  commonly  mechanical  mixtures;  although  some  have  a  slight  chcm- 
9pertjes«>f  alloys  depend  not  only  upon  the  ingredients,  but  upon  the  method  a.fid 
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details  of  manufacture.  It  is  impossible  to  predict  the  properties  of  an  alloy  from  the  propertiei 
of  the  metals  forming  it.  Many  alloys  are  sold  under  trade  names  in  which  the  properties  depeal 
both  on  the  proportions  of  the  ingredients  and  upon  the  details  of  manufacture.  The  most  im- 
portant alloys  used  by  the  structural  engineer  are  as  folbws: 

Brass  is  an  alloy  of  copper  and  zinc  in  which  the  copper  varies  from  60  to  89  per  cent,  aid 
the  zinc  from  40  to  1 1  per  cent.  A  small  amount  of  tin  is  sometimes  added  to  make  the  bra»  man 
easily  worked.  The  tensile  strength  of  brass  is  greatest  (about  50,000  lb.  per  sq.  in.)  when  tk 
composition  is  about  62  per  cent  copper  and  38  per  cent  zinc;  and  the  ductility  and  malleahifity 
arc  greatest  when  the  composition  is  about  70  per  cent  copper  and  30  per  cent  zinc.  A  widely  uxd 
brass  has  }  copper  and  i  zinc. 

Delta  metal  is  brass  with  i  to  2  per  cent  iron.  The  tensile  strength  of  delta  metal  is  aboot 
45,000  lb.  per  sq.  in. 

Tobin  bronze  is  brass  with  i  to  2  per  cent  iron,  and  small  amounts  of  lead  and  tin. 

Bronzes  arc  alloys  of  copper  and  tin  or  of  copper,  zinc  and  tin,  and  usually  have  small  quae- 
titles  of  other  metals.  Bronzes  having  more  than  24  per  cent  tin  are  too  weak  to  be  used.  Ik 
tensile  strength  is  greatest  (23,000  lb.  per  sq.  in.)  when  the  composition  is  about  80  per  cent  cof)|itf 
and  20  per  cent  tin. 

Phosphor  bronze  is  an  alloy  of  copper  and  tin  containing  J  to  i  per  cent  phosphorus.  It  makei 
excellent  castings  and  is  very  hard.  The  ultimate  tensile  strength  varies  from  50,000  to  lOOfiOt 
lb.  per  sq.  in. 

Aluminum  bronze  is  an  alloy  having  5  to  10  per  cent  aluminum  and  95  to  80  per  cent  coppei; 
The  tensile  streni^th  varies  from  75,000  to  100,000  lb.  per  sq.  in. 

Manganese-bronze  as  specified  by  the  American  Society  for  Testing  Materials  contuH^ 
copper  55  to  65  per  cent,  zinc  39  to  45  per  cent,  iron  not  over  2  per  cent,  tin  not  over  2  per  oeA 
aluminum  not  over  0.5  per  cent,  manganese  not  over  0.5  per  cent.  The  ultimate  tensile  sttcqgtk 
of  standard  test  pieces  cut  from  manganese-bronze  ingots  shall  not  be  less  than  70,000  lb.  perflq.iiL, 
with  an  elongation  in  2  in.  of  not  less  than  20  per  cent. 

TIMBER. — For  definitions  of  terms,  standard  def  cts,  specifications  and  allowable  stRSM 
in  timber,  sec  Chapter  VII. 

STONE  MASONRY. — For  definitions  of  terms  used  in  masonry  construction  and  for  sped* 
fications  for  different  classes  of  stone  masonry,  see  Chapter  VI. 

For  the  allowable  pressure  on  masonry,  see  Table  IV,  Chapter  V,  and  for  the  weight,  spedfc 
gravity  and  crushing  strength  of  masonr>',  see  Table  V.  Chapter  V;  also  see  Table  VIII,  Chapter 
II.     For  an  exhaustive  treatise  on  brick  and  stone  masonry  see  Baker*s  *'  Masonry  Construction. 

CONCRETE. — The  average  strengths  of  different  mixtures  of  Portland  cement  concretf  as 
given  in  Report  of  the  Committee  on  Reinforced  Concrete  of  the  American  Society  of  Cifi 
Engineers,  19 13,  are  given  in  Table  II. 


TABLE   II. 
Strength  of  Portland  Cebient  Concrete. 

Aggregate                                                        1:1:2 

i:ii:3 

1:24 

l:2l:5 

.13^ 

Granite,  trap  rock                                                   3300 

2800 

2200 

1800 

14* 

Gravel,  hard  limestone  and  hard  sandstone         3000 

2500 

2000 

1600 

13* 

Soft  limestone  and  sandstone                               2200 

1800 

1500 

1200 

1000 

Cinders                                                                      800 

700 

600 

500 

400 

Specifications  for  concrete  are  given  in  Chapter  V,  and  specifications  for  reinforced  cooa" 
are  given  in  Chapter  VI.  ^^ 

Working  Stresses. — The  following  working  stresses  have  been  recommended  by  the  ^*^*\ 
Railway  Engineering  Association  for  concrete  that  will  develop  an  average  compresavc  ^^'v^ 
of  at  least  2000  lb.  per  sq.  in.  when  tested  in  cylinders  8  in.  in  diameter  and  16  in.  long  and  28  a>* 
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'  conditions  of  manufacture  and  storage,  the  mixture  being  of  the  same  con- 
ibe  &flcl. 

Lb.  pa 

iq.  m. 


tension , .  ...... 

ttnsi<>n . , 

15  times  the  compressive;  stress  in  the  surrounding  concrete* 

where  the  surface  is  at  least  twice  the  loaded  area 

compression,  without  reinforcement  on  lengths  not  exceeding  6  times 


dth 

-t  compression  with  not  less  than  i  percent  nor  over  4  percent  longitudinal 

nt  oil  lengths  not  exceeding  12  times  the  least  width. 

csfiion.  on  extreme  fiber  in  cross  bending ..,,... .,,,.,...,.. 

\  umombined  with  tension  or  compression  in  the  concrete. 

(where  the  shearing  stress  is  used  as  a  measure  of  the  web  stress. . .  ,  . . 

&f  shearing  stresses  in  the  concrete,  even  when  thoroughly  reinforced 

^diagonal  tension,  should  not  exceed.  -,........,,,,, 


I4,CKX) 

17,000 

700 

450 

450 

750 

12a 

40 


120 

80 
40 


[ban,  depending  on  the  fonn. 100*150 

I  working  stresses  have  l>een  recommended  by  the  Committee  on  Concrete  and 
te  of  the  American  Society  of  Civil  Engineers,  Proceedings,  vol.  XXXIX, 


Per  cent  of  cora- 
I»rcssive  sUcogth 


Lb.  per 
«q.  in. 

16,000 


[  where  the  surface  is  at  least  twice  the  loaded  area  32.5 
Inc  compression  on  a  plain  concrete  column  or  pier,  the 

dix-'S  not  exceed  t2  diameters. ,  , .   22.5 

_  alumns  with  longitudinal  reinforcement  only,  to  the 
>t  less  than  i  ix?r  cent  and  not  more  than  4  per  cent;  the 

Ijft  column  shall  not  exceed   12  diameters .,..,...   22.5 

^plumns  with  reinforcement  of  bands,  hoops  or  spirals 
^p  than  I  per  cent  of  the  volume  of  the  column,  the  clear 
fchooping  to  be  not  greater  than  one-sixth  of  the  diameter 
led  column  and  preferably  not  greater  than  one-tenth,  and 
more  than  2j  in.,  the  ratio  of  the  unsupportt^J  length  of 

lia meter  of  hooped  core  to  be  not  more  than  8 27 

ins  reinforced  with  not  less  than  i  per  cent  and  not 

cr  cent  of  longitudin:d  bars  and  with  bands,  htjops  or 

specified,  w*here  the  ratio  of  unsypporied  length  of 

neter  of  hooped  core  is  not  more  than  8 32.625 

fiber  of  a  beam,  calculated  for  constant  modulus 
trcssea  adjacent  of  the  supports  of  continuous  beams 

:  cent  higher) 32.5 

azontal  reinforcement  or  without  reinforcement  ...      2 
jhly  reinforced  with  web  reinforcement   (the  web 
ttsixT  of  bent- up  bars  to  be  designed  to  resist  two- 

[.  shear) ,  , . . , 6 

with  bent*up  bars,  only.  . . .  . ,  3 

...    ,. 6 

I  concrete  and  plain  reinforcing  bars .4 

1  concrete  and  drawn  wine 2 

icity  to  be  taken  for  the  design  as  follows: 
ilth  that  of  steel  where  the  strength  of  the  concrete  is  taken  as  2200  lb,  per  sq,  in., 

I  that  of  steel  where  the  strength  of  the  concrete'is  taken  greater  than  2200  lb. 
or  less  than  2900  lb.  per  sq.  in. 
at  of  meet  where  the  strength  of  concrete  is  taken  as  greater  than  2900  lb, 

tdbilection  take  one-eighth  of  the  modulus  of  elasticity  of  steel. 


HMi 
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STANDARD  SPECIFICATIONS  FOR  CEMENT 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  August  i6,  1909. 

1.  General  Observations.  These  remarks  have  been  prepared  with  a  view  of  point 
the  pertinent  features  of  the  various  requirements  and  the  precautions  to  be  observed  in  th 
pretation  of  the  results  of  the  tests. 

2.  The  Committee  would  suggest  that  the  acceptance  or  rejection  under  these  specif 
be  based  on  tests  made  by  an  experienced  person  having  the  proper  means  for  making  t\ 

3.  Specific  Gravity.  Specific  gravity  is  useful  in  detecting  adulteration.  The  rei 
tests  of  specific  gravity  are  not  necessarily  conclusive  as  an  indication  of  the  quality  of  a  < 
but  when  in  combination  with  the  results  of  other  tests  may  afford  valuable  indications. 

4.  Fineness.    The  sieves  should  be  kept  thoroughly  dry. 

5.  Time  of  Setting.  Great  care  should  be  exercised  to  maintain  the  test  pieces  ui 
uniform  conditions  as  possible.  A  sudden  change  or  wide  range  of  temperature  in  the  r 
which  the  tests  are  made,  a  very  dry  or  humid  atmosphere,  and  other  irregularities  vital!; 
the  rate  of  setting. 

6.  Constancy  of  Volume.  The  tests  for  constancy  of  volume  are  divided  into  two 
the  first  normal,  the  second  accelerated.  The  latter  should  be  regarded  as  a  precautioiu 
only,  and  not  infallible.  So  many  conditions  enter  into  the  making  and  interpreting  of 
it  should  be  used  with  extreme  care. 

7.  In  making  the  pats  the  greatest  care  should  be  exercised  to  avoid  initial  strains 
molding  or  to  too  rapid  drying-out  during  the  first  twenty-four  hours.     The  p>ats  should 
served  under  the  most  uniform  conditions  possible,  and  rapid  changes  of  temperature  sb* 
avoided. 

8.  The  failure  to  meet  the  requirements  of  the  accelerated  tests  need  not  be  suffiden 
for  rejection.  The  cem:nt  may,  however,  be  held  for  twenty-eight  days,  and  a  retest  made 
end  of  that  period,  using  a  new  sample.  Failure  to  meet  the  requirements  at  this  time  she 
considered  sufficient  cause  for  rejection,  although  in  the  present  state  of  our  knowledge  it  < 
be  said  that  such  failure  necessarily  indicates  unsoundness,  nor  can  the  cement  be  coiu 
entirely  satisfactory  simply  because  it  passes  the  tests. 

SPECIFICATIONS. 

1.  General  Conditions.     All  cement  shall  be  inspected. 

2.  Cement  may  be  inspected  either  at  the  place  of  manufacture  or  on  the  work. 

3.  In  order  to  allow  ample  time  for  inspecting  and  testing,  the  cement  should  be  ston 
•suitable  weather-tight  building  having  the  floor  properly  blocked  or  raised  from  the  groun< 

4.  The  cement  shall  be  stored  in  such  a  manner  as  to  permit  easy  access  for  proper  insp 
and  identification  of  each  shipment. 

5.  Every  facility  shall  be  provided  by  the  Contractor  and  a  period  of  at  least  twelv( 
allowed  for  the  inspection  and  necessary  tests. 

6.  Cement  shall  be  delivered  in  suitable  packages  with  the  brand  and  name  of  manufat 
plainly  marked  thereon. 

7.  A  bag  of  cement  shall  contain  94  pounds  of  cement  net.  Each  barrel  of  Portland  a 
shall  contain  4  bags,  and  each  barrel  of  natural  cement  shall  contain  3  bags  of  the  above  netw 

8.  Cement  failing  to  meet  the  seven-day  requirements  may  be  held  awaiting  the  rest 
the  twenty-eight-day  tests  before  rejection. 

9.  All  tests  shall  be  made  in  accordance  with  the  methods  proix>sed  by  the  Committ 
Uniform  Tests  of  Cement  of  the  American  Society  of  Civil  Engineers,  presented  to  the  S< 
January  21,  1903,  and  amended  January  20,  1904,  and  January  15, 1908,  with  all  subsequent ai 
ments  thereto.     (See  addendum  to  these  specifications.) 

10.  The  acceptance  or  rejection  shall  be  based  on  the  following  requirements: 

NATURAL  CEMENT. 

11.  Definition.  This  term  shall  be  applied  to  the  finely  pulverized  product  resulting 
the  calcination  of  an  argillaceous  limestone  at  a  temperature  only  sufficient  to  drive  off  the  car 
acid  gas.  ^ 

12.  Fineness.  It  shall  leave  by  weight  a  residue  of  not  more  than  10  per  cent  on  the  >o 
and  30  per  cent  on  the  No.  200  sieve. 
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tf  Setting.  It  shall  not  develop  initial  set  in  less  than  ten  minutes;  and  shall  not 
;t  in  less  than  thirty  minutes,  or  in  more  than  three  hours. 

i  Strength.  The  minimum  requirements  for  tensile  strength  for  briquettes  one 
cross  section  shall  be  as  follows,  and  the  cement  shall  show  no  retrogression  in 
I  the  periods  specified: 

NecU  Cement,  Strength, 

I  moist  air 75  lb. 

day  in  moist  air,    6  days  in  water) 150  " 

* 27     "  "     ) 250  " 

One  Part  Cement,  Three  Parts  Standard  Ottawa  Sand. 

day  in  moist  air,    6  days  in  water) 50  lb. 

"       "    27     *^  "     ) 125  " 

ncy  of  Volume.  Pats  of  neat  cement  about  three  inches  in  diameter,  one-half 
nter,  tapering  to  a  thin  edge,  shall  be  kept  in  moist  air  for  a  period  of  twenty-four 

3  then  kept  in  air  at  normal  temperature. 

:r  is  kept  m  water  maintained  as  near  70°  F.  as  practicable. 

pats  are  observed  at  intervals  for  at  least  28  days,  and,  to  satisfactorily  pass  the 

un  firm  and  hard  and  show  no  signs  of  distortion,  checking,  cracking,  or  disinte- 

PORTLAND   CEMENT. 

ion.  This  term  is  applied  to  the  finely  pulverized  product  resulting  from  the 
ncipient  fusion  of  an  intimate  mixture  of  properly  proportioned  argillaceous  and 
rials,  and  to  which  no  addition  greater  than  3  per  cent  has  been  made  subsequent 

:  Gravity.  The  specific  gravity  of  cement  shall  not  be  less  than  3.10.  Should  the 
is  received  fall  below  this  requirement,  a  second  test  may  be  made  upon  a  sample 
'  red  heat.  The  loss  in  weight  of  the  ignited  cement  shall  not  exceed  4  per  cent, 
ss.  It  shall  leave  by  weight  a  residue  of  not  more  than  8  per  cent  on  the  No.  100, 
ban  25  per  cent  on  the  No.  200  sieve. 

I  Setting.  It  shall  not  develop  initial  set  in  less  than  thirty  minutes;  and  must 
t  in  not  less  than  one  hour,  nor  more  than  ten  hours. 

}  Strength.  The  minimum  requirements  for  tensile  strength  for  briquettes  one 
cross  section  s'lali  be  as  follows,  and  the  cement  shall  show  no  retrogression  in 
the  periods  specified: 

Neat  Cement.  Strength. 

moist  air '. 175  lb. 

day  in  moist  air,    6  days  in  water) 500  " 

"       "     27    "  "      ) 600  •* 

One  Part  Cement,  Three  Parts  Standard  Ottawa  Sand. 
day  in  moist  air,    6  days  in  water) 200  lb. 

27  ) 275 

Qcy  of  Volume.  Pats  of  neat  cement  about  three  inches  in  diameter,  one-half 
:  center,  and  tapering  to  a  thin  edge,  shall  be  kept  in  moist  air  for  a  period  of  twenty- 

s  then  kept  in  air  at  normal  temperature  and  observed  at  intervals  for  at  least  28 

T  pat  is  kept-  in  water  maintained  as  near  70°  F.  as  practicable,  and  observed  at 

least  28  days. 
I  pat  is  exposed  in  any  convenient  way  in  an  atmosphere  of  steam,  above  boiling 
ely  closed  vessel  for  five  hours. 

pats,  to  satisfactorily  pass  the  reauirements,  shall  remain  firm  and  hard,  and  show 
ortion,  checking,  cracking,  or  dismtegrating. 

iric  Add  and  Magnesia.  The  cement  shall  not  contain  more  than  i  .75  per  cent 
ilphuric  acid  (SOa),  nor  more  than  4  per  cent  of  magnesia  (MgO). 


CHAPTER  XVI. 
Structural  Mechanics. 

ERAL  If OlfEIfCLATURE.— The  following  nomenclature  will  be  used  for  all  materials 
nforced  concrete,  for  which  a  special  notation  is  given. 
=  area  of  cross  section. 
'  length  or  span. 

•  length  or  span. 

•  breadth  of  rectangular  section. 

•  depth  of  section;  diameter  of  rivet. 
'  thickness  of  plates,  etc.     • 

'  radius  of  circle. 

•  diameter  of  circle. 
'  height  of  wall. 

'  distance  from  neutral  axis  to  extreme  fiber. 

'  total  deformation  in  length  /,  or  maximum  deflection  of  beams. 

•  unit  deformation. 

'  horizontal  coordinate  of  elastic  curve;  variable. 

'  vertical  coordinate  or  deflection  of  elastic  curve;  variable. 

'  eccentricity;  efiiciency. 

=  moment  of  inertia. 

'■  polar  moment  of  inertia. 

'  product  of  inertia. 

■  section  modulus. 

'■  radius  of  gyration. 

'  pitch  of  rivets. 

'  concentrated  load  or  total  stress  in  a  member. 

'  unit  fiber  stress. 

»  unit  compressive  fiber  stress. 

'  unit  tensile  fiber  stress. 

'  unit  shearing  fiber  stress. 

=  total  uniformly  distributed  load;  weight  of  a  body. 

'  uniformly  distributed  load  per  unit  of  length;  load  per  unit  of  length  at  a  distance 

n  left  end  for  a  uniformly  varying  load;  unit  internal  pressure. 

»  reactions  at  supports. 

■  moment  at  any  section. 

•  maximum  moment. 

**  total  shear  on  any  section. 

"  maximum  total  shear. 

"  modulus  of  elasticity. 

"*  shearing  modulus  of  elasticity. 

■  Poisson's  ratio, 
oompresfltve  stnsM* 

•  tensile  stms. 
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REINFORCED   CONCRETE   NOlfENCLATURE.      Rectangukr  Beuns,  Rdnfbfced  te 
Tension  Only. 

/,  =  tensile  unit  stress  in  steel,  in  pounds  per  square  inch. 

ft  —  compressive  unit  stress  in  concrete,  in  pounds  per  square  inch. 
£,  =  modulus  of  elasticity  of  steel,  in  pounds  per  square  inch. 

Ec  =  modulus  of  elasticity  of  concrete,  in  pounds  per  square  inch. 

n  —  elasticity  ratio,  £,  -5-  Ec, 

M  —  bending  moment,  in  inch-pounds. 
M,  —  moment  of  resistance  of  steel,  in  inch-pounds. 
Mc  =  moment  of  resistance  of  concrete,  in  inch-pounds. 

A  =  area  of  steel  section,  in  square  inches. 

h  =  width  of  beam,  in  inches. 

d  =  depth  of  beam  to  center  of  steel  reinforcement,  in  inches. 

k  =  ratio  of  depth  of  neutral  axis  to  effective  depth,  d, 

j  =  ratio  of  arm' of  resisting  couple  to  depth,  d. 

P  =  steel  ratio  (not  percentage),  A  -t-  bd. 

C  =  total  compressive  stress  in  concrete,  in  pounds. 

T  =  total  tensile  stress  in  steel,  in  pounds. 
Tee  Beams. 

b  =  width  of  flange,  in  inches. 

b'  =  width  of  stem,  in  inches. 
/  =  thickness  of  flange,  in  inches. 

p  =  steel  ratio  (not  percentage),  A  -i-  bd. 
See  also  "  Rectangular  Beams  Reinforced  for  Tension  Only." 
Rectangular  Beams,  Reinforced  for  Compression. 
A '  —  area  of  compressive  steel,  in  square  inches. 

p'  —  steel  ratio  for  compressive  steel,  A'  -i-  bd. 
//  =  unit  compressive  stress  in  steel,  in  pounds  per  square  inch. 

C  =  total  compressive  stress  in  concrete,  in  pounds. 

C  =  total  compressive  stress  in  steel,  in  pounds. 

T  =  total  tensile  stress  in  steel,  in  pounds. 

d'  =  depth  to  center  of  compressive  steel,  in  inches. 

c  =  depth  to  resultant  of  compressive  stresses,  in  inches. 
See  also  "  Rectangular  Beams  Reinforced  for  Tension  Only." 
Shear  and  Bond. 

V  =  total  shear  in  pounds. 

fv  =  unit  shearing  stress  in  concrete,  in  pounds  per  square  inch. 

/.,  =  unit  bonding  stress  in  concrete,  in  pounds  per  square  inch. 

So  =  sum  of  the  perimeters  of  the  tension  bars,  in  inches. 

s  =  horizontal  spacing  of  stirrup>s. 

P  =  total  stress  carried  by  one  stirrup. 
Columns. 

A  =  total  net  area,  in  square  inches. 
As  =  area  of  longitudinal  steel,  in  square  inches. 
Ac  =  area  of  concrete,  in  square  inches. 

p  =  steel  ratio,  A,  -r-  A. 

P  =  total  axial  load,  in  pounds. 
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knnOlfS. — The  following  definitions  will  be  of  service  in  a  study  of  structural  me- 

p^ — Fom»  are  concurrent  when  their  lines  of  action  meet  in  a  point;  n  on -concurrent 
tines  of  action  do  not  meet  in  a  point.  Forces  are  coplanar  when  they  lie  in  the  same 
i>coplanar  when  they  lie  in  different  planes.  Coplanar  forces  only  will  be  here  con- 
^  foroe  is  fully  defined  when  its  amount,  its  direction,  and  position  are  known, 
rot  of  Fo^es. — The  moment  of  a  force  about  a  point  is  its  tendency  to  produce  rotation 
point,  and  is  the  product  of  the  force  and  the  perpendicular  distance  of  the  point  from 
action  of  the  force. 

I. — A  oouplc  is  a  pair  of  equal  and  opposite  forces  having  different  lines  of  action. 
fit  t»f  a  couple  is  equal  to  the  product  of  one  of  the  forces  by  the  distance  betwt*en  the 
tion  of  the  fortes,  or  the  arm  uf  the  couple. 

, — If  a  liody  be  conceived  to  be  divided  into  two  parts  by  a  plane  traversing  it  in 
fen*  the  force  exerted  between  these  two  parts  at  the  plane  of  di\ision  is  an  internal 
is  force  distributed  over  an  area  in  such  a  way  as  to  be  in  equilibrium.     Stresses 
tn  poundSf  tons,  etc. 

is  the  measure  of  intensity  of  stress,  '  The  unit  stress  at  any  piiint  is  the  number 
[  stress  acting  on  a  unit  of  area  at  that  point.     Unit  stresses  are  expressed  in  pounds 
inch,  tons  per  square  foot*  etc. 

ite  Stress.— Lritimate  stress  is  the  greatest  stress  which  can  be  produced  in  a  body 
lire  *x?curs» 

is  the  name  for  the  stress  which  tends  to  prevent  the  two  adjoining  parts  of  a  l>ody 
pulled  apart  when  the  body  Is  acted  upon  by  two  forces  acting  away  from  each  other, 
on  is  the  name  of  the  stress  which  tends  to  keep  two  adjoining  parts  of  a  b*xly  from 
led  t*:»gethi?r  untler  the  influence  of  two  forces  acting  toward  each  other. 
U  the  name  of  the  stn.^ss  which  tends  to  keep  two  adjoining  planes  of  a  body  from 
other  under  the  influence  of  two  equal  and  fiarallel  foa*es  acting  in  opposite  dircc- 


, — When  the  external  forces  producing  tension  or  compression  act  through 
of  a  gravity  of  the  body  the  stresses  are  uniformly  distributed  over  the  area,  and  the 
*  axial  stresses. 

i  Stress. — If   F  »  the  force  protlucing  tension^  compression,  or  shear  and  A  =  the 
rhich  the  stress  is  distributed,  then 

/i-  PIA;    /.  =  PfA;    /.  -  P/A. 

tensile  stress,  /*  is  compressive  stress,  and  /^  is  shearing  stress, 

Stress*^ — The  working  stress  for  any  material  is  the  unit  stress  that  has  been  found 
if:»f  to  l)e  safe  to  allow  for  that  particular  material  to  give  a  properly  designed  struc- 
t  working  stress  for  any  particular  structure  depends  upon  the  material  of  which  the 
built,  the  loads  that  the  structure  is  to  carry,  the  accuracy  with  which  the  U^ads  and 

Unii  calculated,  the  possible  defects  in  the  material,  etc. 
of  Safety. — ^The  factor  of  safety  b  the  number  by  which  the  ultimate  stress  must  be 
give  the  working  stress. 
Biilion  or  Strain  is  the  change  in  the  shape  of  a  body  caused  by  the  action  of  an  ex- 
DHormiJtion  or  strain  is  measured  in  linear  units.     Deformation  may  be  due  to 
due  to  compression,  shortening;  or  due  to  shear,  detrudon  or  slipping  of  one 

r* — Up  to  a  certain  «rt:rcss  in  an  elastic  body  it  has  been  found  by  experiment  that 

tional  to  strain.    This  principle  is  known  as  **  Hooke'*  Law."     The  ability  of  a 

I  to  it*  original  form  after  deformation  h  termed  elasticity.     If  the  stress  in  a  body 

I  a  certain  limit  the  body  does  not  return  to  its  original  form,  but  a  permanent 
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Elastic  Liinit — The  elastic  limit  of  a  material  is  the  highest  unit  stress  to  which  that  material 
may  be  subjected  and  still  return  to  its  original  shape  when  the  stress  is  removed,  and  is  the 
limit  within  which  the  stresses  are  directly  proportional  to  the  deformations. 

Yield  Point. — In  testing  materials  a  point  is  reached  beyond  the  elastic  limit  where  anit 
elongations  increase  very  rapidly  without  any  or  with  a  very  slight  increase  in  unit  stress.  TIh 
point  is  indicated  by  the  drop  of  the  scale  beam  of  the  testing  machine.  In  steel  the  >iek]  pont 
is  from  three  to  six  thousand  pounds  per  square  inch  above  the  clastic  limit. 

Modulus  of  Elasticity. — The  modulus  of  elasticity  of  a  material  is  the  constant,  which  witUi 
the  elastic  limit  expresses  the  ratio  between  the  unit  stress  and  unit  strain  or  deformation. 
E  =»  modulus  of  elasticity,  P  =  an  axial  force;  A  —  cross  sectional  area  of  the  bar,  /  «  mnt 
stress  =  P/A ;  6  »  deformation  produced  by  P  in  a  length  /,  and  5  =  A/l;  then 

E^(PIA)l(Ml)    or     £=//«. 

The  modulus  of  elasticity  may  be  defined  as  that  force,  were  Hooke's  law  applicable  witboot 
limit,  which  would  produce  in  a  bar  with  a  cross  section  of  one  square  inch  a  deformation  eqiol 
to  its  original  length. 

The  modulus  of  elasticity  of  steel  is  very  closely  E  «  30,000,000  lb.  per  sq.  in. ;  the  modahi 
of  elasticity  of  timber  is  approximately  E  =  1,500,000  lb.  per  sq.  in.;  while  the  modulus  of  dii- 
ticity  of  concrete  varies  from  E  =  1,500,000  lb.  per  sq.  in.  to  £  ==  3,000,000  lb.  per  sq.  in. 
an  average  value  of  ii  =  2,000,000  lb.  per  sq.  in. 

Shearing  Modulus  of  Elasticity. — The  shearing  modulus  of  elasticity,  also  called  the  modnls; 
of  rigidity,  is  the  modulus  expressing  the  ratio  between  unit  shearing  stress  and  unit  shetrin 
strain.  The  value  of  shearing  modulus  of  elasticity  for  steel  is  about  {  of  the  value  of  £,  tf 
G  =  12,000,000  lb.  per  sq.  in. 

Poisson's  Ratio. — Direct  stress  produces  a  strain  in  its  own  direction  and  an  opposite  )nd 
of  strain  in  every  direction  perpendicular  to  its  own.  For  example  a  bar  under  tensile 
extends  longitudinally  and  contracts  laterally.  Poisson's  ratio  is  the  ratio  of  lateral  strain  li 
longitudinal  strain,  and  is  a  constant  below  the  elastic  limit.  For  steel  Poisson's  ratio  is  }  to  I 
while  for  concrete  it  is  from  J  to  t^. 

Rupture  Strength. — In  testing  steel  the  cross  sectional  area  rapidly  decreases  beyond  tk 
ultimate  stress  and  if  the  rupture  stress  be  divided  by  the  original  cross  sectional  area  the  wi 
stress  at  rupture  will  l)c  less  than  the  ultimate  stress. 

Ultimate  Deformation. — The  ultimate  deformation  is  the  total  deformation  in  a  prescribrfj 
length,  commonly  8  inches,  or  2  inches.  It  is  usually  expressed  in  per  cent  for  a  length  of  8  indm 
or  of  2  inches. 

Work  or  Resilience  in  a  Bar. — The  amount  of  work  that  can  be  stored  up  in  a  body 
stress  within  the  elastic  limit  is  called  resilience  or  "  internal  work."     When  the  external  fo«f' 
has  been  gradually  applied  all  the  work  may  be  recovered  when  the  force  is  removed. 

From  the  law  of  conservation  of  energy  the  external  work  due  to  the  force  is  equal  to  thj 
resilience  or  internal  work.     If  a  load  P  is  supported  at  the  lower  end  of  a  bar  without  weight, 
ing  a  length  /  and  a  cross  sectional  area  A ;  then  the  external  work  will  be  iP«A,  where  A  ■ 
total  deformation,  and  the  internal  work  or  resilience  will  be 

when  /  =  elastic  limit  of  the  material  then  Ip/E  is  termed  the  Modulus  of  Resilience. 

Stresses  due  to  Sudden  Loads. — In  a  bar  acted  on  by  a  static  load,  P,  gradually  appb 
the  total  resilience  will  be  A^  =  JA.P.  If  the  load  P  is  suddenly  applied  we  will  have  JC  -  A* 
from  which  it  is  seen  that  the  stress  produced  by  a  sudden  load  is  twice  that  produced  by  a  ta 
gradually  applied. 
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U — ^The  stresses  due  to  moving  loads  are  greater  than  the  stresses  due  to  loads  at  rest, 
in  stress  of  the  moving  load  over  the  load  at  rest  is  called  impact.     For  a  discui>Mon 
stresses  in  railway  bridges  see  page  l6i,  Chapter  IV. 

IN   BEAMS. — When  a  straight  beam  or  bar  is  supported  near  the  ends  and 
Orres  applied  transverse  to  the  length  of  the  axis  of  the  beam  or  bar,  the  axis 
rSsfiumes  a  curve.     The  transverse  loads  or  forces  are  carried  by  flexure,  which  is  a 
I  of  the  three  simple  stresses  of  tension,  comprestiion  and  shear.     For  example,  a  simple 
icing  horizontally  on  supports  carries  a  concentrated  load.     The  fibers  on  the  lower  or 
^rW  of  the  beam  will  be  elongated  and  are  therefore  in  tension,  while  the  fibers  on  the 
concave  side  are  shortened  and  are  therefore  in  compression.     Shear  is  taking  place 
loach  vtrrtical  plane  of  the  beam  and  the  plane  adjoining  between  the  load  and  each 
Since  the  longitudinal  stresses  In  a  simple  beam  vary  from  a  maximum  copipression 
ive  side  to  a  maximum  tension  on  the  convex  side,  the  stresses  will  pass  through 
oa  iomc  plane,  chilled  the  neutral  plane  or  axis.     Also  since  the  fibers  on  each  side  of  the 
xis  carry  differvnt  amounts  of  stress,  they  will  lengthen  or  shorten  different  amounts, 
will  therefore  be  horizontal  shearing  stresses  as  well  as  vertical  shearing  stresses. 

Surface  and  Neutral  A^ds. — Under  flexure  a  beam  is  curved,  and  the  filx-rs  on  the 

|»de  are  in  compression  while  the  fibers  on  the  convex  side  are  in  tension.     The  neutral 

(  a  surface  on  which  the  fiU^rs  have  zero  stress,  and  the  neutral  axis  is  the  trace  of  this 

any  tongitutlinal  section  of  the  t>eam.     In  a  simple  horizontal  beam  carry^ing  vertical 

neutral  axis  passes  through  the  center  of  gravity  of  the  crofss  section  of  the  Ix^am,  for  a 

ar  beam  the  neutral  axis  is  at  half  the  height  of  the  beam.     Where  a  beam  carries  loads 

I  not  at  right  angles  to  the  neutral  axis  of  the  beam,  the  beam  is  in  equilibrium  under 

rii  direct  stress,  and  the  neutral  axis  or  line  of  zero  stress  will  not  pass  through  the  center 

r  of  the  cross  section  of  the  beam,  and  may  fall  entirely  outside  the  Ix^am.     A  bar  carrying 

bnsaon  or  comprei^on  nuiy  be  considered  as  a  beam  in  which  the  neutral  axis  is  at  an 

^%tsincx:  from  the  center  of  gravity  of  the  cross  section  of  the  beam. 

itiOQS. — For  any  structure  to  be  in  equilibrium,  (l)  the  sum  of  the  h<jrizontal  components 
es  acting  on  the  l>eam  must  equal  zero,  (2)  the  sum  of  the  vertical  components  of  all 
ting  im  the  beam  must  equal  zcn:>,  and  (3)  the  sum  of  the  moments  about  any  point  of 
I  acting  on  the  beam  must  be  equal  to  zero.  Having  the  loads  given  the  reactions  can 
Med  by  applying  the  three  conditions  of  ecjuilibrium. 

Shear.- — The  vertical  shear  in  a  beam  is  equal  to  the  algebraic  sum  of  the  forces 
minus  the  loads)  on  the  left  of  the  section  considered. 

king  Moment — The  bending  moment  at  any  section  of  a  beam  is  equal  to  the  algebraic 

moments  of  the  reaction  anrl  the  loads  on  the  left  of  the  section. 

Itions  between  Shear  and  Bending  Moment.— In  a  simple  beam  carrying  vertical  loads 

U  a  ifbivimum  at  the  supp^irts  and  passes  through  zero  at  some  intermediate  point  in 

&m.     The  bending  moment  is  zero  at  the  supports  and  is  a  maximum  at  some  intermediate 

ttbe  beam.     The  shear  is  the  algebraic  sum  of  all  the  forces  on  the  left  of  a  section,  while 

5ng  moment  may  tie  dcfin€?d  as  the  algebraic  sum  of  all  the  shearing  stresses  on  the  left 

The  definite  integral  of  the  loads  to  the  left  of  the  section  equals  the  shear  at  the 

tlie  definite  integral  of  the  shear  to  the  left  of  the  section  is  equal  to  the  bending 

the  Bcction.     From  the  above  it  will  be  seen  that  maximum  bending  moment  will 

!  point  of  zero  shear. 

for  Flexure. — Applying  the  conditions  for  static  equilibrium  to  any  cross  section 
Ave,  (i)  Sum  of  Tensile  Stresses  =  Sum  of  Compressive  Stresses;  (2)  Resisting 
III  ^hear;  (3)  Resisting  Moment  =  Bending  Moment- 
Sbaar. — If  the  shearing  stresses  are   uniformly  distributed  the  shearing  stress 

/.  =   VIA. 
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The  shearing  stresses  are  not  uniformly  distributed  and  for  a  rectangular  beam  /,  »  {F/i, 
while  in  a  circular  beam/,  =  iV/A, 

Resisting  Moment. — ^The  bending  moment  at  any  section  is  resisted  by  the  moment  of  the 
tensile  and  compressive  stresses  which  act  as  a  couple  with  an  arm  equal  to  the  distance  betweet 
the  centroids  of  the  tensile  and  compressive  stresses.  The  moment  of  this  internal  couple  ii 
called  the  resisting  moment.  If  /  =  the  unit  stress  at  any  extreme  fiber  on  the  surface  of  tk 
beam  due  to  bending  moment,  c  =  distance  from  that  fiber  to  the  neutral  axis,  and  if  « tk 
bending  moment,  or  the  resisting  moment,  then 

M  =  ^—,    or    /--T— .  W 

where  /  =  the  moment  of  inertia  of  the  cross  section  of  the  beam. 

Moment  of  Inertia. — The  moment  of  inertia  of  any  area  about  any  axis  is  equal  to  the  i 
of  the  products  obtained  by  multiplying  each  differential  area,  dA,  by  s*,  the  square  of  the  distainE 
of  each  elementary  area  from  the  axis,  /  =  Zs?*dA.  The  moment  of  inertia  of  any  section  is* 
minimum  when  the  axis  passes  through  the  center  of  gravity  of  the  cross  section. 

Section  Modulus. — In  designing  beams  it  is  convenient  to  use  the  ratio  S  =  //c,  so  tint 
Af  =/•  5,  or  /  =»  M/S,     The  ratio  5  is  known  as  the  section  modulus. 

Tables  of  Moments  of  Inertia  and  Section  Modulus. — Values  of  moment  of  inertia,  /,  uit 
section  modulus,  5,  for  different  sections  are  given  on  pages  548  to  551,  inclusive.  Valueitf 
moment  of  inertia  and  section  modulus  of  structural  shapes  are  given  in  Part  II. 

Deflection  of  Beams. — In  a  simple  beam  carrying  vertical  loads  the  upper  fibers  are  shorteoef 
and  the  lower  fibers  are  lengthened,  while  the  fibers  on  the  neutral  axis  are  not  changed  in  lenstk 
but  the  neutral  axis  assumed  the  form  of  a  curve.  The  differential  equation  of  the  elastic  com 
of  a  horizontal  beam  carrying  vertical  loads  will  be 


dx'      EI*  * 


Substituting  pro{>er  values  of  E,  I  and  M,  integrating  twice  and  giving  proper  values  to  tie 
constants  of  integration,  the  values  y,  or  the  deflection  may  be  calculated  for  any  point  in  tta 
beam.  The  equation  of  the  elastic  curve  of  beams  of  various  types  are  given  on  pages  531  ti 
547,  inclusive. 

The  maximum  bending  moments  and  shears  in  beams  due  to  moving  concentrated  loads  an 
given  on  page  542. 

The  moments  and  shears  in  continuous  beams  are  given  on  page  543,  page  544  and  page  545- 

Formulas  for  stresses  in  reinforced  concrete  beams  are  given  on  page  546,  and  stresses  ii 

columns,  safe  working  stresses,  and  safe  loads  on  slabs  are  given  on  page  547. 


SIMPLE  AND   COMBINED  STRESSES. 
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1  f        where  /}  =^,  //= area  of  section  m-m. 


SM/AOONAL  5Tf^r55tyCOi1PiftW¥tfOi^t. 

Unilsiwaronn-nf 

f'JfsmiS^ffsin/^;  (aj 
t/nit compression  on  n-n, 

f^^sin^e-^sin^a  ib) 
/iax^  unit  ^hearon  n-n, 

hili^^e-45'';  CO 
/fax  t/mtcowpressiononihtr^ 

f^f,;  $-90^;         (d) 

mhere^'j.A^^r^  section  m-m . 


6.l?/Aoomi  5rRtmyTrNMr&3hEARmofoRCD, 

MaxMnit  shear  on  n-m 
iiaxMnii  tension ^on  n-n. 


-'-til 


m 


./ 


'  /' 


/ 


^'1$:-^   ■  W#^*i 


\, 


flaxamt  compression  on  0-Oi 
1  f         Inhere  f^*^/^^^ J'^easec.m-m 


llJmamfrmso:CmF£awr&»^M0ofm:3. 

ffaicmifshesron  n-n; 
/{f/ff/ft^ntS'^p,(a^ 

\^\  ^    ^      tfai  unitcomprepkn  onn^n, 
m  rjtliifffjhott0^'£^^^^ 


ffai  umt  tension  an  nn. 


»^e  ff-^;^  ^f;  A- area  sec, m-m. 


8.  nuFStor5TFf55:Tivol//rf^/r^5E3, 

,, ^    ^*0fveff:thtstr^S9ef^CMiiF 

,''''  "'>.  t^eqtfirtdt/nitstre$icaC£. 

\p\     layoff At^9n(^3t^^mt 
*      '\   siresstsanr&mjhii^ 
circks^nVnorma/loCi, 
mfsfy^n  Fpsrd/k/to  40 
and^  r/^nfO^mjHtr 
fssonCtf^^^^-m/t 
^*    nor m^i stress.  fC^cos^ 
/  ^  an/tshe^.  fJi/pse/s 
hctfs  off/orai/v^* 
oes  of  a. 
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CHAf 


9lLAST/CGi/=0ftMATm:T£f15mAnDC0MPIf£^m. 


^d' 


lioMu5of£/a5tkity, 


fT' 


*' ;     Tbta/ deformation, 
\     l/nit  deFormathjj, 

ivhere  A' area  sect/on  fTHn. 


m 


IO.ELA5TICDEFOffMATiOff:SH£M. 


Modu/(ffortld5tkii) 

6  2^  AA 
Total  deformation, 

6     AG 
Unitdeformalion, 

6  AG 
where  A^areasectior, 


11.  UlT/MAT^DeFORfiAT/Off: 


r 

i. 


I 


Percent  e/onqat/on, 
Fsizent  reduction  of  area. 


(a) 


'2' 


A 'A' 


A 


too 


(b) 


,v 


h  Orjqina//engt/7. 
2 '-  length  at  fa/fure, 
A  '  Oriqinal section  area. 
A  'Area  ruptured  section. 


12.  WinP/ptsAnDCYunoeFs.frfTtRhALf^t 


lonqitueSnalnfptore,^ 

^"   2   '^'ft 
«K  Transverse  ruptijre,y 

...,..|       ^'T'^Tt 
^  I  W'unitinterniipret 

..A  ^  Bothionqitudinalana 

fT^Tn.^Vn    >  m-se  stresses  are  ioi 

^     ^     ' '       **•  antoftheformoFtiit 


13.  STRtSSCSIrtJittatRlVtrtDLAPjOItfTS. 


-.J-iSl. 


K 


Unit  tension  on  plate, 
f^Prfp^dH        (a) 

Unitcompressiononriiret, 
fc-P-i-td  (b) 

Unitstiearon  rivet, 
f^=P^^Trd^  (c) 

for  iongitudindf  joints  in 
pipes  orcy/tncters  P^^ivi>p;(cr) 
D = diam.  pipe  or  cy Under, 


14.  STFt55t5ml>ouBL£:lfiytrTeDlAFM 

^ — LjQ^^.Ti  Unit  tension onpldi 

^^^=^^^        frP^CP'dH 
Unit  compression  on 

fc=Pf2td 
Unit  shear  or?  rivet, 
fy-P^^nd^ 

foriongitt/ii^fjaijorib^ 
or  cylinders  P'^i^Pp 
D'djam.  oTpipe  ore/. 


/Pit     \^ 


-P 

— \ 


15.  D£5i6ffor5moL£Riy£TtD  LAPjo/rrrs. 

See  figure  a6ove.   For  Butt  Joints  see  Chapt,XW 
Host  efficient  joint  for  cyiindersanc/pipey 

fff-ic       Ffte  '      nfy  ^  I  feJ 
(a)  id)         (c)  (d) 

Most  effident Joint  For  given  thidinesspiate; 

(e)  (Fj  (q) 

forjmbmtnmretttdntuvoroivsoFrifetsseeCfidpt.XVIL 


16.  OfsienoFDooBuRivtreD  lAPjoirr* 

See  Figure  above. 

Host  ef Fie  lent  joint  For  cy/inders  and, 

(a)         (bj  (c)  (d) 

HosteFFichntJointFdrqikTnt/JxJiness^ 

(e)  (fj  (g) 

forjoif?tsi¥ithmorettfintmrMisofriyds5etCliii 


FLEXUfL\L  STRESSES. 
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fibtr Stress  djetoaqivenmomenihsqfiienSeini 


fkm&dUcmfsea^iimMer  stress  ihiqi¥enb^m, 
yY;4^  (b) 

iedknmoMfsknft^ef?  moment  am^ffifrshrss, 

thmentafmrti  fifrq/m  /noment,f/6erjtress 
snd^tmce  Zip  extreme  //Sen 


18.  Elastic  DtfL^cr/o/fOFSeArfS. 

l^iFferentfiiequdtmffom»/ucfieq9ithnofeli%tk 

lb  ektermhe  elmt/ccon^,  wSenl^fHtfsntaytst- 
ant,  /ntregr^e  twice  Seter/mnthq  constats  of 
mteqr^thn  hysobstltatinqknof^/i  vakescfstope 
md^fkctkn  Bndcorre^>ondhq  y^kes  ofx . 

Theeqvstfon  cfcunt  change  i  at  every  concen- 
tratect  /odctbuth  same  t/irot/qtiootform^m 
toae^or  formiform/y  rarylnq/oad. 


A  5H5Attino  3r^f53^5J/rB£/tr75, 

Ayersqe  mtstte^nng  stress. 


*■/• 


t^tratAx/S'* 

VJ 

Ohteffir&^of 


thitfioru&nfd/shedr/hf  stress, 
(kngilodiff^sfyecir) 


20,  CoLUnnrof^r7itLA5:AxiALlaAD3. 
5trdfqt}l  Line  Formi/fa, 

t^a-/3^  (Si 

A         r 

fbrcanstanh  <tan(^6$ee  ^/etJt^^BO. 


?n  ^sMicrmmentofare^, 
abo¥e$eclionamsiderec^,aboU 
ntifftr9/6*f$,  Forhoriiont^iSibesr^  mm,  %  - 
sr^ofshsdeet portion  mait^/ie^6yZf  the 
tfktsnc^  to  its  centro/c/.  Them^x  m/t/}or/i- 
^ni^sAe^r  w  iff  occur  at  the  neutral ax/s. 

The  max  unithoriiontafst>ear  forarectang- 
tlfarbeam  =i  airerage  mitstiear^forcirct/tar 
Sfcttcfi^Y^ndforanT'Seamm^y  Seasmt/ch 
ss  if  time  s  average  ur>it  sh  ear, 

for  rotkct or hiji/t /'beams  themaxMnii 
liortiofjta/she^rr^rynear^eguah  the  totat 
rpftJta/$hearc//yk/eatSyarea  offset?* 


/^ant(ine*s(6oraion  sJFormufa, 
P        a:* 


m 


Forcanstantsw'and^SeeTabtelXpaqeSO. 


Eulerb  Formt/ta^ 

A  r^ 


m 


According  to  MernWian  (T  'has  the 
foftoy^inq  values; 
doth  ends  hinqed,  (C**-n^ 
One  end  fixed  and  one  hwqed,  cr  "^  i^ff  ^ 
Bathends  fixed  cC^^rr^ 

tn  fa/er  'sFormu/a  P=(/iiimate  strengtt>. 


1 


It.  Tott3fatior5tfArT3, 


5olid  rot/nd shafts, 
Pe=£rrd¥  (a) 

f^mo(?o^s 


ZZ:3TPt5Sn  /ntiO0K5:ApprtffirrhBte5o/t/tmn. 


(ei 


^m.5[g^ 


(b) 


H-tKrs^pmer, 
Jt*ref,permmyte, 


So/id  square  shafts, 
t^e^^d^f  fappr&x. }  (dl 
f^/S4m£j  -       (e) 

(f) 


FHl-^ 

iJiFJ 


tidximum  lemjctn, 

A      I 
¥¥here  A 'area  of  sec  tkm 
nhm^  e  '  distance  From  tine 
of  act  ion  of  had,  f^  to  ce/tt  - 
ro^d  oFmm^  c  *  distance 
From  centroid  to  extreme 
Fiber  on  tension  sidej^ 
moment  of  inertia  oF sec- 
tion m-m  about  axis  thr* 
ouqh  centra /d.      ^ 
For  exact  scJk/tjon  see  'S/oa/mand/fancoc^,pt9/. 
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Ca 


//  Plate OiRDERS: See aho Chapter XVII 
^Otlomeniallcarrteclb/fknges, 

M'A'^fh  (a) 

(Z)One'eiqhtharea  oFiveb  a^/lddleds  flange 
area,  H'fA'^^gAJFh  &>) 

(I)  Moment  oFi'nertia  oFnei  section, 

M-^'  (c) 

(4)MomentoFinerl/aoFqros5  secthn, 

^'^  (d) 

AfandJ^  'netartaoFoneFbn^aftcf gross  area 
oF i^e6,I and  I = moment  oFinerlia  oFgress 
and oFnet  sect ion,h*dist.  jtoj  oP Flanges, 


i4Uti5rfiMmiaL  Loads  on  BtAfixApfmim 

ti'max  moment  for  re. 
If  -moment  of  inertia, . 
If' moment  of ioertii 

flai  compressa^fibi 
fiax  tensile  fiber  Si 

•  It 


Z5.^CCtnTmCL0AD50flFRISt15:5eedsoCh9pt.  V. 


Z6.FL  £XUREAf1DDlReCT5TRE55. 

Flexureand  compression,  f'j^  T-/p}r 

P        Ml 

Flexure  and  tension,       f:^i  t-ftt, 

A    IhPI 

h  10  For  both  ends  hinged,  Uforooeend 

and  one  Fixed,  51  For  both  ends  Fixed* 

Approximate  Formula,      F^ji  -yi 

for  direct  stress  either  tens  ion  or m 
M  may  bedue  to  weight  of memberorhefk 


P^f}5inatW 
M^PjSin  a:  e  -^cosahtW, 
Strhsatm,  c.P.^ .Stress at nifc^F  Mc  , 
^7' In'  Tin  ' 

I^  *  moment  of  inertia  o f section  m-m'aboutamn'n, 
A  ==area  oF sect  ion  m-mi 
line  oFaction  oF resultant,  x*MtP  j 
IF  there  is  tension  at m  'and sectionivill not  take  it,the 
stressatnf  '^0  apdatm'jPfj-xJforrectaog.  sect 


n,  TRUt  3TRt55. 

1 

A  -Foisson'slfatio. 


F,,  Fg, if,' apparent  ur, 
ti.tiit^^  true  unit  it 
ir-^-A^-Afj; 

IF  any  stress  is  tens 
ge  its  sign  in  above 
A'j  for  steel  and wTi 
A'^forcastiron. 
A -Jo  For  concrete. 


28.  CniHDRiCAL  Pollers. 

Unit  Stress  Forgiven  load 
androller. 


(a) 


FStV^fji 

Length  Forgiven  load,diam,     l!fl_  fJ.J^  ,. 

andvnit stress,  ^'"ZFOLifJ i  f^^ 

Total  load  For  given  roller  y^^lipffiTI^  (c) 

and  unit  stress.  '^"3      I  ^J', 


Load  per  unit  length  For      ^^ 
given  roller  and  unit  stress.  3 
0-dian7.oF roller,  L- length  oF roller, 
E= modulus  oF elasticity. 


29.  Th/CK  Pipes  AliDCrL/liDeR3:  Internal, 
Maximum  unit  ten. 

Maximum  unit  comp* 

Thickness  For  given f 
unit  tension  and hteii 

w  unit  internal  pre 


WORK  OF   RESILIENCE, 
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1^ 


I. 


Ct  tea  far  Piste; 

Ctrct/mference  f/Aed, 

^'  64 1^ 
Circumference  stipp^rted^ 
f.  ijjwr^ 

Rect^fHfuhr  Piate^ 
Cfrcvmference  fixed, 

CtrcmTfference  Si/pporied, 
Uoit  S tress  h  ^boi/tl 
/A?/  f&r  cirajm/ereffce/ixM 
5qiJBrePht^St 

Ctrcumference  hxed, 

Circumference  sopporled, 
0nU  ^msf5^b&iftjlhd 
far  c^rctfffffere/jee  fixed. 

$ee€hspterWfi,p3i5sadrdifkBl 


D  (CBr^T^ROFeRAvnr ). 

^,  /mSA   AS4 
'  fSA'     A     ' 
u.fySA.fySA^ 
^"/&A     A     ' 


C3) 


(b) 


Structural  seclwm  c^nbe 
di^fdedinto  fhlte  ekmenh 
•thepri>pertfes  afyvhic  h  are 
kf>0wf}.  Th€nis}mdt6)bec0mt 


-  2mAA^  iOny 


(€} 


^         A 

%i  'St^tfC  mompntdbtHji  qtr^mm. 
In  ftql  (et4,  ,4^jA^  andA^  - 
J  ,,    areas  of  top  b,  bottom  Ls,C(^¥. 

*       ^  deordfftates  ofil}eircentroid$. 
^"0  by  5ymm  etry. 

^.^  A       A,^Af^A^^A4 

.1*^^    fiql  Centroidoftrapesoid 
ffgd.  Ciotroidofanytmareas, 


U  i^om  OR  Pf5iL  tenet. 

BAR5. 
Work  done  in  st resting  ^  bar  below  efastfc 
limit,  from  OtoP^or  Otof^ 
K''iPA=jf6Al-^(04l  (a> 

FromPftofl  orf^tof^^ 

B^AMS^ 
Deflection  under  one  toad 

Deflection  at  any  pointy 


(Ci 


(afl 


tvhere  Pljt  =  moment  at  anypomt  dbe  to 
qive  n  load  in  qand  M^  m  omen  tat  any 
point  due  to  a  unit  load  placed  at  the 
potnt  at  vsfhictittie  deflection  Is  re<f- 
w'red. 


Y 

y 
k 

Y 
r 

iory 

centroid'   X 

z/H 

ii.  nOtietirOflnCRTtA  AfiO  PRODUCT  Of  Hit RTIA. 
General  formulas, 

J^y=fjfybA 

Transformation  Iwmulas, 
Ij,-I,4Adi'L^IrAd^i(a) 
r/^^'^di^rc^^r/-dW 

Ij^Tjftlr  (dj 

n^-Q^i-r^  (el 

I^^I,C0$^$*lySin^$J,y5fal^ 
X,^i(I,-Ir)^ioi4^Jiya>^U 

PtincipdlMomenbof Inertia} 
tanra-E/,r/tTr-IJ;d) 
L  ^IjfC03^af!rSr)^fLsk/a 

Axe3  are  desicrnated  by  subscripts 


V 

\ 

"i 

^X 

^u 

\ 

"? 

X 

0 

^ 


4 


I 

4 
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Chap.  XYL 


\P 


34  •  CA/fr/i£i/ffje  3fam  with  Load^PjAT  Fi^ee  EmD' 


K ' : 


/>iiiiiiiiiimiiiiTm/> 


ip^^raih 


Beam 

Shear 
Diagram 

Moment 
Diagram 

Elastic 
Curve ' 


Shear  at  any  point,  KfP' 

Moment  at  any  po/ntf 

Mx°PX' 
Max  Imam  Moment',  M"  Pf* 
Equation  oEEIast/c  Curve, 


55-CANTILeV£R  BBAM  WITH  UNIFORM 
w  per  unit  of  length '\^  ^ 


k\\V\\\\S\\\\Vi>^g^ 


Pz 


Beam 


Moment 
^ram 

Elastic 
Curve 


LoAP,  W  PBR  Unit  of  LeNOTN- 
Ehe/ Reaction,  Pt^vvl* 
Shear  at  any  point  /i«^  (vx- 
MaX'Shean  ^^  y^l- 
Moment  at  any  point,  Mx"  ^  ^ 

Max '  Moment,  at  Right  Support,  M'j 
Equation  oE  Elastic  Curve 

8EI 


36  Cant/levfr  Beam  w/tn  CoNCFNTRAren  Load,  P,  at  any  Point ' 


h^4^ 


Beam 


Shear 
Diagram 

Moment 
Diagram 

Elastic 
Curve 


End  Reaction,  Rf'^P- 
Shear  between  P  and  Support  *•  P* ' 
Moment  between  P  and  Support^  Pix-kt^ 
Max- Moment,  at  Right  Support' P(l'kl) 
Equation  oE  Elastic  Curve  betwetnPiKi 
y^^jf3H^tri^fx^-3/cZx^-52^xmfx) 

P  I 

Deflection  underload,  A'^'j^f  (I'kl) 

Max-Deflection,  A^^j  (Z-3/c^k^) 


37 


wx  per  um^ 


CANT/LeyER  Beam  mrn  /ariabie  Load 

End  Reaction,  R^ 


Beam 


K- 


I'^T^k'^s.^. 


W7 


wl^^  Moment 
^     Diagram 

^     Elastic 


Curve 


Shear  at  any  point,  Kc  ^  "l^* 
Max-Shear,  A'-  ^- 

wx^ 
Moment  at  any  point,  Mx  *  ^^ ' 

Max- Moment,  M^^\ 
Equation  oE  Elastic  Curve 

Max- Deflection,  ^«  M/ 


fMPLE   BJ^AM-  COtfCENTPATED   LOAP  AT  THI^  C^NTBR' 


— H 


Beam 


5b9Br 
Diagram 

Mcment 
Bhsth 


•§• 


Shear  af  anyp^mt' 

MaiC' Shear,  V^^> 

Moment  at  any  po/nf  * 

Between  Pf  St  P;  Mx  ^PtX  «^  ^JT  • 

Between  P^J^^jMx  '=PiXrPfxrp=§Cl-x,) 

Max  Moment;  M='^Pl,  cccurs  sfjt^  ^  • 

£Idst/c  Curve  and  DefJect/ons  ' 

Bettveen  vP,  ^P^y^^f^;  (4x''-3Z^x)  - 
BetH^en  P  &  Ri;  symmetrical  atci/f-  center' 
Majt^Def/ecthn;A^^  £1%  X^i. 


CaNC£HTRATBD   LOAD  AT  AHY  PoitCT^ 

EndPeacthns  :  Pj  =  ^^^ ;  /^i'^' 


Beam 


Shear 
Pfa^ram 

Moment 
D/agram 

f/ast/e 
Curve 


■a) 


Shear  at  any  powf : 

Between  Pf^P,  /^  -P^ «  ^ 

Between  PJPPs,  /i  -^  » ^S  _ 

Max- Shear;  for a<j,  i^^Pf;fera>f,  V"^!- 

Moment  at  any  no/nt'  prt  ,; 

Between  R,^PiMj,-PiX=  ^-^^'^,  , 
Between  P^  R^i  M^=PfX'P(xU)-  O^x-Pfx^} 
Ma3tMment;M'Pia=  ^^^a;  occt/rsafx'^a' 

Plastic  Curve  and  Deflecthns: 

IfhmitJ^dtP;y-^^fZIa'a^-xV> 
BetmenPd^;y,=§0:^{Zlx,-a^-xf)' 
faxBeff;a<jlA^'§tJft^^^^ 

MaxBef/ia>§^A'^i^p^^X='ft^ 


Ue   BBAH-TWQ  fOUAL  CONC£/fT/iATED  l0A£>S,SrNM^Tfi/CALLY  PlAC^D^ 


in* 


llb^ 


'4:^ 


rA 


Beam 


Shear 
Diagram 

Moment 
Diagram 

Clast/c 
Ct/rve 


Pnd  Peactfons  ;  Pj  ^Pz  =  A 

Shear  at  any  point: 

Between  Pi  and /eft  P;  l^x^P* 
Between  L  oads;  /x^O- 
Between  nyhtPandPi;  ^x^P' 
Max^  Shear,  y^P- 

Mment  at  anypo/nf: 

Between  Pt^ndkftP;  Mx'Px- 
Between  Uads;  Mx  ^PtX-P(x-a)  *^/^- 
Max'  Moment}  M-  Pa  ^ 

flasflc  Curve  ^  Pef lections  : 

Between  PsJ^  left  f;y-§§y  fSlaSs^-^x^}^ 
Between  Loads; y,  «^,  fSlx-Jx^-a')  • 
Between  r/^htP^  Pi}  symmetrical  wrftj  left  load ^Pr 
MaxDeflectron^A'*^^  {jl'4a^))  X-^  * 
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>e 


y. 


wl 


Beam 


f  [Inilk^V'    ,     Shear 


y---. 


4/.  5/MPL£  Beam- Uniform  Load- 
End  Reactions :  Ri  =Rz  •" 
Shear  at  any  point:   V^  «  ^-  ia^x  • 

Max-  Shear;  V"  ^;  occurs  ^teach  support 
Moment  at  any  po/ht''  Mx  «  ^x  -  j  ivx  ' 

Max-  Moment;  t1=^wl^,  occurs  st  center  • 
Elastic  Carve  and  De Flections: 


Diagram 

Elastic 

Curve 


Max-  De Flection;  A  *^  ^^/  jr=  ^  • 


Ri 


J£.S/MPLF   BfAM- 


--  >1 


^eam 


I?, 


^'-m^ 


M. 


rms^f 


TR/Aii6ULAR  Load  with  Maximum  at  thf  C^mtfr 

Total  Load ^^^^  _ 

End  Reactions:  R,  "R^  -  ^ 

Shear  at  any  point :  ^ 

fietpveen  Rt^ Center;  V,  *  wfj-^-i-)'  . , 
Between  Center  JtRi;  Hx  «  wff-l^-lx  -t^J 
Max  Shear;  /-  ^  *v/^  occurs  sfsupportS' 

Moment-  at  any  point : 

dettveen  R,  and  Center ;  Mx  '^fvx(^  -§■/ 

Between  Centers Ri',  Mx  ='^C-^'i^9l5c-IZlx^*4/) 

Max- Moment;  M'^^wl^;  occurs  at  center* 

Elastic  Carve  and  DeF/ecfionsz  _ 


Shear 
Diagram 

Moment 
Diagram 


-y/ 


Elastic 
Carve 


Between  Center  Ji  Rt;  Symmetrica/* 
Max- DeFlection;  A  "^^^f  /-^*  ^  ' 


43'  SjMPLB  BFAM-  TRJAtf(9ULAR   LOAD  WITH  MAXIMUM  AT  Rl6Hr E/fP* 

Total  Load  =  ^^' 

End  Reactions  :Rj  ^^^wl*;  Ri  ''iwl^* 
Shear  af  any  point:  /x-^f^-x*) 

Max- Shear;  y^^wlf occurs  af  r/ghF  support- 
Moment  at  any  point :  Mx  «  ^ft^-xV' 

Max-Moment;  M'0'064wl*  occurs  atZ''0'5774l' 
E/asf/c  Curve  and  DeF/ecf/o/is  : 

MaxPef/eeffonjA  =  0-fffifSZ  yj, Z^O-SSIJI- 


_^S^i^^-^    Beam 

^ — J. — ^^_ — ^>. 

>^/frnTmTT>.^ , 


Shear 
Diagram 

Moment 
Diagram 

EJsistk^Curye 


44'5iMPLe  Bbam-  Trapfzoidai  Ioad  mrtt  Maximum  at  Rjsht  EttD* 


\        Beam 


l=0'3l  to  O'Sm^^^  ^^ 


Shear 
Diagram 

Moment 
Diagram 

fUsttcCwye* 


Total  Load ^w^i-"^ ' 
EndReactions-Rj'iOv,  *^;Ri''ifwii'^wil) 
Shear  at  any  point:  Px''f^ffxJ^^('i''^V 

Max- Shear;  /"j^fhi/  ^§i^^  I),  occurs  a f  right stippor% 

Moment  at  any  point;  Mx  '  ^CZx-xV-^fflx  -xV 

Max- Moment; M'/wjlt^iyj-  (Approx) 
Elastic  Curve  and  De  fleet Mns  .• 

Max'DeF/';A'£^^'t^ff0iSi  ^;  X'^lfA/fm^ 


Beam 


'^M^' 


X  _*1^^ 


Shear 

Moment 
Dtsgram 

Curve 


St/ppoer  -  Umpo^M  Lqao- 

Shear  af^ny  point-: 

Between  ki  ^/f</  fnd^  Vjc  '  wfm'-Xe} 
Momen  f  ^f  3/7y  ppmt^ 

^;  occurs  whenx**^. 

£!dsftc  Curve  ^n(/  DefJecfwns : 

Befween  /^fm;y*^i[4^(xrl%hw(j(f'l%}j 
Sfff^n^f^fmf;y^^^f^f0m^f'4mxif3ri^txfH^^^ 


9^AM    0VBJ?-HAN6IN6  Off^  Sl/PPORT  - CONC^NTRATFI^  l^AJP  AT  Atfy  POlt/T* 

Shesr  sf  sny  point: 


\\\\i\i 


Beam 


ffl-b. 


v;i*JJ-^ 


Shear 
Dfagram 

Moment 
Bfagram 

Ekstfc  Cifrve 


Between  ^r  ^/}j  Kc^/^' 
Moment  at  any  peinf  : 

Between  R,^P,;  Mx  "P/X,  • 

Between  fi^P^}  Mx'^PiX^-Ptfsi'Xz'l) 

Between  Ri^P^;  Mx  ^Rffr^-Xs)  • 


7    B^AH   OveR-HAN5itt6  BOTH  SUPPORTS  -  Utf/fORM  LOAD- 
pr  t/nit  length 

a 


Beam 

Shear 
Ota 


Moment 
Diagram 

elastic 
Curve 


Peactions:  Pf^iflfmH)-n^Ji  Pt^^[fnH)-m^^ 

Shear  at  any  point  - 

Betweejr  ie/^ent/^  P/ ;  t^x^wfrn-jQ 
Between  Pt^Pi$   x=  Pi  "wfrn-^Xt) 
Between  P2  S  right  end ^  /i-=  yvfn-Xj) 
Max^  Shear;  fi"  t^vm,  or  P/'wrn* 

Moment  at  any  point: 

Be/ween  /eft  enc/^  Pj  /  Mx  ~j  wfm  ^xj^- 
Between  R^  ^Pi;  /^  =/  wfm  ^Xe)^'-PfXc  - 
Between  Pi  ^  right  end  $  Mjt^  ^^(tr  -^s)  ^*       « 
Majr^/ys/tive  Moment  ;N^Rf  f^-mX  occarsafxr  "^^-m^ 
MaX'Hegative  Moments;M'==^  wm'atR/;  tt'itvn^af  Pjt 
hints  at  Contra fIexurTiX9^fM'm)±VfA)^f  ^Pm . 


'AH  OVBR-HAHSiHS  BOTtt  SUPPORTS -Tm^  £XTBRWR  COttCEtfTRATeD  lOADB- 


'^•J 


Pz     ^Pz 


^Xf 

iiniiTiii 


'^ii: 


mmr\ 


Seam 

Shear 
Diagram 

Moment 
Diagram 

Biastic 
Curve 


Peactions.  P,  =  d^L:^  ^^ ^  p^^  ^n-Pm  ^p^ , 

Shear  at  any  point-' 

8ftweei?Pi^Pr,^M-/^  :P,&Pt,  iCx^P'P,}Pii^^,  /i^^- 

Moment  at  any  point: 

Betiveen  Pi  ^Pt ;  Mjr  =  Pfm-x,} 
Between  i^Bi  Rr;  Mit^Pm  ^^ -yfVx^  • 
Between Pz^Pr',  J%  =  Ptf/f  -x^) 
Moment  at  Pf;M=  dm  i  at  P^,  M=/iff' 
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49 'Beam  Fjxep  at  One  Emd  and  Suppoptedat  OrofR-CoHm 


y 

i 

'  k~-— » 
L_    ^    I   ..  ^ 

i>e 

^1 

J  J 

^f 

1         / 

'A 

"  w 

M' 

U-- 

EndReacfjons  :Z  "^l^^fgi 


Beam 


Shear 
Diagram 


*Am  ICADATANYpKm. 

5he9rafaRy/>^/ff.'Betwwilffi^yM'^i;l^etmenP3il^,¥,''. 

MMeafaf3^p^/iSifmgfffJlf/iMx'^kfimffPJf^'/ti'^ 
Max- BfsHive Moment: M'Ria,  occurs  under /aad - 
Max- Negafwe  Momenta  M^l-P^"^,  eccursafftxedt 
Point  of  Contra  flexure:  X0  "-&-  • 

Ebstic  Curve  S^  Oefkcthns:   *^ 


'A 

under 


rA 


Jp  P  Is  A  Moving  Load  : 

Absolute  fnd  Reactions  : 

RrP, occurs  wJien a''0;R2''P,oceurs wlien a^l» 
Absolute  Max/mum  5ffears : 

li^Pi0ocursi^ena''Clatx''0;^'/ioccurs  t¥fiena'l,6 
Absolute  Maximum  Moments  : 

Max-Moment  is  Negative  and  is  M'O-IBZSPl;  oc 
at  fixed e/7d  wiiert  a'' 0-3774  Z* 
Absolute  Maximum  Deflection  : 

A''0'009S^fOCCurs  under  load  »i^n  ^'Cf^/4i 


Moment 
Diagram 


fiastic 
Curve 


50*Bpam  F/xpd  at  Onp  £nd  and  Suppopted  at  Otnpp  -  UNiFOjeM  Load  • 


w  per  unit  iengtfi , 


K/^- 


W^-iz----^ 


Beam 

Shear 
Diagram 

Moment 

Diagram 

fiasticCurve 


fnd Reactions:  Ri  -§wZ;  Ri  =fwZ' 
Shear  at  any  point:  yx'=w(fi  -^  x) . 

Max  Shear}  /^fwl,  occurs  at  right' support. 
Moment  at  any  point:  Mx'ivx  (^Z-^x) 

Max  i^sitive  Moment; M*'^  wZfoccurs3tx'^§-Z  • 

Max-Negative  Moment;  M"  i'iYZ;oarurs  at  right se^ 

Point  of  Contra fiexure;  Xo =^  Z  - 
Elastic  Curve  and  Deflections^ 

Max-DefIection;A  ^  0-0034  ^>  X'-0'4Zi5l' 


Ps 


fe 


Xz 


^ 


K 


3/*B£AM  fiXED  AT  ONE  fND  SUPPORTED  AT  OtNEP-CONCENTPATED  LOADAT  CENTER- 
^'4-'^P  ^       ^ End  Reactions:  Rr^P;  Ri'^j^P- 

Shear  at  any  point: 

Between P,&P,  yx^^iP'^BehveenPSiRB;  Vx'^^P' 
Max  Shear;  V'^j^P,  occurs  at  R£  - 

Moment  at  any  point :  ^ 

Between  R,  XP-,Mx^^P;Set9veenPd^Rt  ;Mx  -//^/l 
Max ihsitive Moment: M"^  PZ, occurs  underload 
Max- Negative  Moment: it '^j^PZ,  occurs  at  fixed  e. 

Bias  tic  Curve  ^Defiections  / 

Between  RfJtP;  y^M/f^^f-^^J' 
BetweenPSR^;y»^J^ZZ*H3Zi,-Z4Zx!fiI^ 
Max  Defiection;  A«0'0093Z^*; X'0-447Z  I 


Mx^\ 


Beam 


Shear 
Diagram 

Moment 
Diagram 

Biastic 
Curve 


STRESSES  IN  BEAMS. 


Si.  B£AM   FfK^D  AT  BOTff  FNDS  -  UWFORM  LOAD^ 


Wi€fi^h 


Shesr 
Digram 

Moment 
Pisgrsm 

Eldstrc 
Carve 


fnd  ^03c trans  •'  ^  *j^  "^wl^ 

She^r  at  anypiffnt*  Vx  *^  /*v/-  tvx  - 

M^X'  Shesr ;  ^^^wl,  accurs  f3t  supports' 

H&mentat  sny  p&tnt:  Mx  "  ^^^^I'Hx-x'^)  • 

ttax-  P<?5tf/veM0ment^jti'j^  i¥l^i?cci/rs  st  tre'/iter- 
M^X'  HegatiW  figment;  N*^j^  tvlf  occurs  ^t  si/pparts- 
P&mts  oFContr^fUxureiXt'O^ZilSli  x;=0'7S87Z' 

Bhstic  Curve  3nd  Def/ect/ons  s 

Mdx' Per/'} ^=M4Yr>  ^^' 


fjfA/f  f/xf^p  AT  Both  Ends  -  CoMcetfr/eATfD  Load  at  Cehtbr* 


--^/^ 


Be^m 

Shear 
Disgram 

tidment 
Diagram 

Elastic 
Cvrve 


End Peacttffns:  Ri  =>e^  -  i^' 

S/fear^t^ny  pc/nt:  Kx^'iP^    tfax-S/tea/j/'^P- 

ttomentat  any  point : 

Betmen  R,  SP;  M^  =iP(x-4:l)  - 

Between P^Rtl  /%  ^^PfiZ-x)- 

tf ax- Positive  Moment;  tf-  ^/*Z,  i>ceurs  4at  center- 

Max* Negative  Moment ;M*^^ PI  ^  occurs  at  sapports- 

faints  op ContraEIextfre;  x^^*^^  Xe  "^  2  - 

Ehstfc  Curve  and  DePJecffons  : 

Betmen  >P;  ^P;y-^  §^/fi^^§'^)' 
Between  PScP^^  Symmetrical' 
Max-DePl.;A-£^';X-§^ 


: 


AT  Both  Ends-  ConcEtfTRATeD  Load  at  any  Point*. 


5fmar at  any  point:  Betmen  Pi  cUPj  V^-Rt;Between  P<^Ptj  Px  *j^ 
Max- Shear;  V^R  Eora<k;  V'^Rt  for  d?>  h  - 

Moment ^t any  point:  ^^'  ^«^ 

ttegafrw  Moments  at  Supports;  Mf = -P  ~p;  M^^^P  /*  * 
BetmenR,&P;/i,^RiX^Mr        1  Hste  that  Mi  carries 
Bffmm  P&^;Mx  ^Rx,  ^M^  -Pfxj-a)  /  a  minus  sign- 
Max tbsitive Moment: M'Ria-^M// occurs  under  Uad- 


Maxritegative Moments  Qccur  at  supports  i  See^a/hov&* 
/hints  oE  Contra  flexure ;  Xfi  ^J§^j  - 


I  Xff 


Elastic  Curve  and  PeEiections  : 


^    3b^a 


Between  Ri^P;^ 


Between P  and R^fy^^fl^^Jal^^^^^^ 
tfax-Pefi.^^m}k;A^-^^ccurs  atX-^^ 

H.^lieEi;when  a<h  ^^j^^p  ^^^^^^'jjL 

if  P  is  A  MaviNS  Load: 

AisohttMax-  Shears;  S'^P,  occurs  atR  when  aHi;atRr  when  a^l- 
AMi/te  Msx-tftgative Moment; M(=^Pl;  eccurs  when  a^j^l  • 
AMffteMax/^ativfMojBfntjMt^^Rl;  occurs  when  a  ^f  I  * 
Msiitfte Max*  f^5itiveMfment;M'^Pl; occurs  when  a^-g' 
Aho/i/fe Max- OeE/ection; A'^^El ; occurs  when  ^^  ^ 


'ii- 


i^^ 
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55.  Maximum  Shears  AfioMoMEnrsifi  Simple  Beams  for  MowN6  CotfCENTRATEo  Load: 

Criterion  For  Maximum  Shear. 

Tife  maximum  shear  due  to  moving  concentrated  loach  will  occur  at  one  support  wifen  om 
of  the  toads  isat  that  support  and  mil  equal  the  total  reaction.  The  load  giving  the  maxhw. 
mu5t  be  determined  by  trial. 

Criterion  For  Max/mum  Moment. 

Fhe  maximum  moment  due  to  moving  concentrated  loads  will  occur  under  one  oFtk 
loads  when  that  load  is  asFar  From  one  end  as  the  center  oFgravity  oFall the  loads  on  tt 
beam  is  From  the  other  end.  Theloadgiving  the  greatest  maximum  must  be  Found  by  triii 

For  beams  Fixed  at  one  or  both  ends  and  carrying  one  load,  see  4Qand5J,inthis  chaptt 


a.OHEL0AD. 


^€ 


21 


'^^^ 


f1ax.5hHr,    X'O;       Y'P;         atR,. 
tlax-Moment,  X'^l     M'jpi^     at  P. 


b.  Two £qual  Loads. 


R,^ 


MBx.Shfar,X'0:       V'P*pi^;ab 

t1ax.Homent,  J('i(l-f)jrf'P(HJ;at 
IFahqrealerth»t(K586lfinehadqi»tsm9t.l 


cThrk EQUAL  LOADS, Equally SPAceo. 


d.  Four  Equal  Load5,Equally5pac£D. 


(F)     (f)     (h 


ff't J.A. 


-kR, 


^C 


^"^'"^"(p) 


X   I 


Al 


4 


Max,Shear,      X-a;     y'3F^ ;  atR, . 

MaxMment,     /'^2;  M'P(p-aJ;at2. 
IFais  greater  than  0.4S0ljtm>  loads  giyemx.tf4sinb. 


MaxShean  X-a;     V-4P' 


24a 


at 


Max.Moment,X'^(h^a)s  M'Pft-iaigh 
IFaisqreater  than0.268l,threehadsgnfemixJ1i 


e.  TWOUliFQUAL  LOADS. 


p.  Tivo  Equal  Loads  AiioOticSriALLiRLo* 


R,  ^ X 


■^^. 


R^ 


X  / 


•>• 


I 


nax.Shear,  X^O;  V-Pi-ff-^-^ ;  atR,. 

tfajcrfoment,  XJfi-^J;M'fF^J0atP. 
Max.momentmayoccurForoneloadas  in  a. 


n3x.5haar,  X'aiY-P.[QtilfM]i, 

na,J1omnt.X'l[hf^];M-  f^lPa;^ 
Max,  moment  may  occur  For  two  egualhads^ 


JESSES  IN  CONTINUOUS  BEAMS. 


8 


*•*"-*! 


I 


« — 


mtttvveenm&mtnts^sapporis  for  the  rf^^nc^fn^fj —spdns^ 


(^} 


iori^ht  ofn  ^supporij 

ioriq^t  oF(nff)^saf^rt, 

7?w    5 '7  ''nti^nti  t 

at  any  point  in  n  ^span, 

^j^MM.positfve  moment  h  n^  $paf7. 


/5*y 


r^; 


/^/9 


(c> 


(e) 


Shear  to  /€tt  oFfoH)^ support, 

Reoetfort  atfrj^/J^^opportj, 

tioment  at  any  point  in  n^sp^np 
Maxim  um positive  moment  iff  n  ^span, 

iNATiOiiOt  Fo^fiat  45;  n*nomberoffir^t  span  considered  or  it$  kFt  support. 
Oiren  acontiffuoas  b^mofseveraf  spans  oniFormiy  loaded  (for spans  with  n^kadw^O), 
/brmt/iafaj  to/-ar>d2^spans  ai  the  kft  endmakinq  n=h  Three  unknown  moments 
T,lif,tf*t  andti^.  if  beam  is  simp/y  supported  at  ieftend  AJ  -0.  /text  appiy/ormoia(ajto  f^ 
^ spans  making  n-P,  A^a/ht/>ere  wHibe  three  onknoi^ns/^^^Nj  and/^4.  Continue  ant i/ 
¥o  spans  ha^e  been  consideredfnerer  consider  iast  span  aione),  if  Seam  is  simp^  supported 
\t  end,  the ff for  that  support  -0,  T/tere  are  now  as  many  equations  as  tfrere  are  unknowns 
\oiyihq,  ttfe  moments  at  aft  of  the  supports  maybe  found.  If  the  beam  is  symmetrica/ 
^^ad/nq  and  dimensions,  the  ca  feu  fat  ions  may  be  shortened  by  equating  moments  which 
^rnnfy  inspectionjtobe  equaL  Fnowinq  the  moments  at  the  supports;  the  shear  at  any  point, 
Ktions,and  the  moment  atanypointmaybecafcutated,  ff^,=\i^andF  for  fast  Si/pport 
W^fi^'f^span)*  For  fixed  ends  imaqine  the  beam  toex  tend  one  span  beyond  the  fixed 
fdappfythef^nTufas^as  above,  equatinqthe  fenqth  and  foad  of  the  imaginary  span  to 
ndtht  moment  at  the  extreme  endaftheimaqinary  span  to  zero.  Care  shoufd be  taken 
t^a^s  and  moments  are  us  edwith  their  proper  siqn* 


beam  of  equaf  spans  with  efuaf  uniform  toads,  formufa0}  reduces  ta* 

^  "^^mf  -^Ffn^  '  'i  ^i^i  (^^  also  57,  of  this  ch^ten)  0 

beamof  two  uneouaf  spans  with  mequaf  uniform  toads  and  simpfy  supported 
fif^O^tif-0  and  from  formufa  (a} 
^_  imlhiw,t}  ck^ 

litytif 
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57.  MOMEtiTS  AT  SUPPORTS:  C0fmfiU0U5Bt/irf5,£9UAL5P^^5AtiP[(mL  UHiFORM  LOADS, 


0 


"zs A 


/ 


0  I 


'  «n                                           ^  s 

^                               A -E. S a  ^ 

3.^                              0             -I             -i               0  ^3 

vi,                                             10             10  ^ 

k                       .5 ZS S S ZL  ^ 

/  ^                      ^            -i           .i            .i              0  \i 

6                             ?8         es          ^i,  I 

^  A ZS ZS S 2S A  ^ 

/.  t?  ^^  -I  -1  -^ 

^  58  36  38  38 


0 


5. ZS ZS ZS Z: S A 

&  ^  ^JL  ,L  .4  S  _£  0  t 

i04  104  iOi  m  104 

zS zs zs zs zs s zs Z^ 

Z    ^  -^  -^  -i^  -i^  -^/  -^  ^,   i 

//^  /^/  I4i  142  142  /42 

CO^rncttfiTS  OF  v¥2^,wherei¥'/oacfperunit  lengthand  I'^hngthoFonespdn,  E  and  I  cons 
Maximum  positive  monient  in  any  span  can  be  c^culated From  Formuia  56  /. 

58  ShEARSATSuppoRTSiComifiuous  Beams,  Equal  SPAfiSAnDEQUALUiiiFORM  Loads. 


s Zi 

A ZS ZL 

I  A 2s irz ZL  5 

"^^  v2  '  /O  lO'^^IO         IC'^/O         10'^  \  ' 

t  A T. 2s z: :&  k 

'•|  ^'^28       "28^^28       "28^^28       ''f8'*F8       '28'^  |' 


^ 


K ZS ZS 2S 2: a  ^ 


/•     ^  n^l^         U^^        iJi  ISA        iO.23        15  Q 

^'  '^38       '38'  38      "38'  38        "38^38       '3d'  38       38' 

K ZS S ZS S S A 

/;  /^^^/         l^^i/      41^5/        5iJJ       5L.49        35.63      41  a  . 

'W       7^-^'/^--/    7^-/'W       7^4f'/^^    '/04'/04       l04'  104    l04' 

K S ZS S S 2S 2S a 

7   /7.i?         ^^^^        61  JO         72  JL         7±J2        70,67         75  J6        56  q 
'142       '142'  142      '142'  142      "142'  142      "(42'  /42    142'  142       '  142' 142       142'  ' 

C0EEF/CfEnTS0F¥\/7,  where  W'^  load  per  unit  length  and  1= length  oF Span.    Eandlcon^. 
Reactions  at  supports  equal  algebraic  diFFerence  of  shears  tongh/and/eFt, 


STRESSES   IN   CONTINUOUS  BEAMS. 


Mt 


e.A 


f^,  Fr  Ri  R^ 


: 


■^ 


JL_L 


^    i 


^ 


/7^/ 

^^#/' 

^^,/ 


Jilfi.. 


'/% 


^iiv7  tetweeff  moments  st supports  for  /?  (^dpdf/f^fj^  spans, 
^t9tfftriqhtofr7tI*si^pport, 


m 


m 


ritf  riqht  QfintO-  support t 

,  Shear  atanypctnim/ftii span, 

■         ii^l^-//^,  p^hfre^Fr^  equals       (f} 
the  sum  of  the  ioads  belnteen 
n  ^  si/pport  and  point  cms fcfered, 
^ntofmsx.  positive  moment  in  n^-^  span, 

b       The  ma*  positive  moment  occurs 
where  shear^a%  catcu/atedfromff) 
pas^  es  throi/gh  zero.  This  point  k 
a/way  sat  one  of  the  loads.  (h) 


(0 


Shear  to /eft  offn*/J^  support, 

Reaction  at  fn*  fj^ support, 

^nH  =  C-C(^oteRrK')         (ei 

Moment  at  any  point  in  n  ^span, 

tl.^an'^n^-^f^nh-UJlM^re  (ql 
^f^fjt^kjjeqt/ais  the  sum  of  the 
moments  of  the  toads,  det»veen 
ttfen^ support  and t/?epo*at  con- 
sideredj,  about  thepomt 

Maximum positi^  moment  m  the  ntBspan, 
After  thepoint  of  max  positive 
moment  has  be  located  as  described 
infhj  the  faheofx  thusdeiermioed 
/$  substituted irHqi  and t%determinpd* 


fjfPl  ArtATiOff  OFroRMULA3:  (See  under  S6.) 

for  a  beam  of  two  mequat  spans  with  unequal  concer^t  rated  loads  and  wit /7  ends 


rora  oeamor  cwo  i/nequai  spans  men  unequdi  cancer, 
'y  supported,  fi,  =0,  M, -0 sndformuliiairediKeito- 


fj' 


I 


■ — a 


%B£4ff3t^TmAftD  iHRe^  tQU4L5PA(i5:  Uniform  load,  v^],  permit  length  or  lo^  If  in  center  of  one  spm 
F=™% Z^  .P^====i 3 a  L      ♦^A  L 

A      *^A   S  S ^SE^SZ^^ ^  ^ &      *^A a 

^/yjf^  i^im  -////.  'M  tim.  4ii/es,  -m.  -3/40.  ^2^.  tmo.  -^m 

I  ofwi^andPl,  for  moments  at  supports,andofwl  and f}  for  reactions  at  supports,  I 

\ti9/fof prefer  cases  any  beam  maybe  solved,  for  shear  sand  moments  between  supports  see5Hm 
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Gehckal  Formulas. 


rw  Fs'I^POO/<'»0, 


61.  ReCTAmuiAfiBe4M5:Remforced 
For  tension  only. 

Fc_ 
C 


•Mn\ 


:  b  : 


ns-FsAJd-F.pjbd'jt^Mkjbd'i 

f-.H-JL,.  ^ 

''AJcl  pjbd" 

Steel  rdio  and  depth,  batancedrek/ommeot, 


h' 0.379; 

j-omi;  , 

Ms=IOUlfd^; 

Fs' 16000; 
Fc''650i 


$tee/ ratio  and dep 
balanced  reinforce 

p-'0.0077jd=g 


6L5LAB5:  ya/oes  Forll'strip. 
Reinforced  For  tension  on//. 


M,'FsAJcl=mpJd'i't1cr6ikjdh 

F-H-Jl.  . 
^  Ajd'Kpjd'' 

f=IL  -   k    c.2pt. 
Steelrathinddepth,  balincedrthFtmment, 


P' 


'IfM    "Kr 


k^O.379; 
J-0.8757; 
Ms-/290d^; 
Tic'^Tisi 
Fsr/6000; 
Fc'OSO; 
5 tee t ratio,  depths 
area,  balanced remt^ 
p  =0.0077     ; 
d-OMSyW ; 

A=0.0026lffT; 


63.  T~BEAM5:lieglectinq  compression 
inWeb.forFqreaterthinkd','use6l. 

Ar   i-       ^ 


~p^ 


a 


•  ,  i  ikd-2t. 
J~'  id  2kd-t ' 
M,^FsAJd^F,pjbd';Mc-[l-^^jF,tJbd; 

Ujd'pibd"'^'(l-k)/" 

steel  ratio, balanced  reinForcenrfent, 


UH"A>i] 


k-0.379 

,.,.t  I.l37d-i 
•>  3d0.758d-t 
Ms=l6000pjbd 

F,-l6000:Fc-6i 

Steel  rath,  bahoa 

P'.m3fe-lb4li 
a 


64.  RECrAt10ULARBfAM5:Feinforced 
For  tension  and  compression. 


rd-d\ 


i>^f^  \fjTn\ 


k-^(p^p')h^^?(pip'r)n-(p^p'Jn^'j^; 

;.  ikHl'3khlk-r)(l-r)p'n.  ^"^^ 
^  (l-k)pn 

Ms=F,4jd=FsPJbd'j  M^ijI^nFcAjd, 
^Ujd'pjbd''  ^'Tk^''  ^''(l'k)n'' 
Steel  ratio,  balanced  reinForcement, 


k=0.379 
'  M4I$*(.37H'X^ 

lis  use  general  fa 

Fs'l6000;F,=mO-l 
Fc-'650; 

Steel  ratio,  ba/anc 
reinForcemt 
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1 

i^ift^e,  B^tto  Am  Wt8  R^iNFOircmenL 

66.COLUMN5:Mioofka(}lhioleast>¥idtl></^ 

J 

w^     in  tti^  foihmn^  for ma^dsjd  refers 

Axial  load  For  qiyen  unit  stress, 

■ 

^^io  ^rm  ^resisbnq  coup/e  at  sect /on  m 
4^estthf7,  dnci  fo,to  tf^sian^sat  sectw/?. 

P-Fc(4^  >-nA,)  =Fc4fhfn-l}pJ , 

■ 

Unit  stress  For  qiven  axial  load, 

■ 

Shear  mCo4>crrie  S  Sorrd  Stress  mfemik  Stcei, 

^^' Afh(n-l/p]  '   ^'-"^" 

Jfect^ftgi/far  Beams,  r^JL  ,f-  ^  . 
(50^^dUteremforcedr  ^J^'  '^qjj' 

1 

67. mRKIM  3TI?t35£5Fglf5TATtClOAeS0.3.C.t.) 

^ij^Sifrnps,  Ailrectanqahr  teams  and  J-t^ems. 

Ultimate  Strengths  For  yarlot/s  Ft  Ik  tares, 

B     ^rt/cat stirrups,  P^^;  s^^ 

in  Pounds  per  square  inch 
Aqqreqate                 l.'2  4  12/:!  i:}:6 

^H     Si/rrtips  mctined^Sffnot  bent  t/p  bars) 

Granite                                2200    1800    1400 
Oraifel,llarJlimfttonevuMlt(tnt  2000    1600    1500 

5oFtLimestoneor$ind$lone        1500    1200    1000 

■ 

tflorkinq  5treii,percentoF Ultimate  Strengflr: 

H[   P=htal stress  monesttrrvp J- amomtof^ 

Searing  32.5;  Ai/alCgmp.^F.S:Co'pp.Fi6erStrei}  515; 

^^§kear  nai  carried  by  concrete. 

Shear:  loiiqitudmalb'riif)ly,2.0;fkrtofbhbenU^}.0; 

^f      for  ^prajiimate  results j-^  in  farma/as* 

5l?eir:thorevqli0ebreinF.6.O;B9nd,  brs4. 0,  pyirei.  0. 

1 

*^3Afe  10405 0^ RefrfFORCfp GoMCRtJE  SLABS: Fs^mOC,/c^6SO,n-I5,  ti^'/^ty^- 

If 

\\ 

\% 

Span  h  Feet  for  Safe  live  Had 
in  Pounds  per  Square  Foof  oF5/ab. 

It 

% 

t1^^  ivlUFortl-^  iv2^ multiply  span  lenqtfis  b/0.894} 

^ 

«§-§ 

40 
Lb. 

SO 
Lb. 

75 
Lb. 

100 
Lb. 

125 
Lb. 

150 
Lb. 

20O 
Lb. 

260 
Lb. 

300 
Lb. 

550 
Lb. 

400 
Lb. 

r 

if?. 

5a M. 

Lb. 

bl     .'    -     ■'    58 

8.4 

7.9 

7.0 

6.5 

S.8 

S.4 

4.8 

4.5 

4.0 

5.7 

3£ 

■                       44 

9.6 

9.5 

8.5 

7.5 

6.9 

6.5 

S.8 

S.5 

43 

4.5 

4.5 

r 

iX277 

SO 

104 

9.0 

S.8 

8.0 

7.4 

7.0 

6.2 

S.7 

S5 

4.9 

4.7 

<i 

ffJi5 

S6 

11.7 

11.2 

10.0 

9.2 

85 

8.0 

7.2 

6.6 

6.1 

5.7 

S.4 

/ 

a.i69 

65 

17.9 

12.5 

11.2 

10.5 

9.6 

9.0 

8.1 

7.4 

6.9 

6.5 

SI 

si 

a4i6 

69 

III 

as 

l?.5 

11.5 

W.6 

10.0 

9.0 

S.5 

17 

7.2 

6.8 

f 

/i 

0459 

75 

14.5 

15.9 

12.7 

11.8 

II.O 

10.4 

9.4 

8.6 

8.0 

7.5 

7.1 

f.  Safs lOJiDSOfi Rft/iFORceo  CofiCif£T£  Slabs: Fs'teOffO,  fe-6S0,  fT'/f,    M'ijiv2^ 

3 

J! 

II 
It 

Span  in  Feet  For  Safe  Live  Load 
in  Founds  per  Square  Foot  oFSIab. 

5\ 

M^^ivli  (ForM-gw7^multiply  span  lengths  by  0.817) 

■ 

40 
lb. 

SO 
Lb. 

7S 
Lb. 

100 
Lb. 

I2S 
Lb. 

ISO 
Lb. 

ZOO 
Lb. 

ZSO 
Lb 

500 
Lb. 

350 
Lb 

400  \ 
Lb. 

I 

/A 

5?.^. 

Lf>. 

■ 

^ 

ajM 

i8 

9.2 

8,6 

7.6 

6.9 

6.4 

S.9 

52 

48 

4.4 

4.1 

5.9 

■      V4 

am 

44 

M 

10.2 

9.1 

8.2 

7.6 

7.1 

6.5 

5.8 

S.5 

5.0 

4.7 

■  / 

6.1V 

50 

lU 

m 

9.6 

8.8 

8.2 

7.6 

6.8 

6.2 

S.8 

5.4 

5.1 

■  / 

am 

56 

Its 

12.? 

II.O 

10.7 

9.5 

8.8 

7.9 

7.2 

6.7 

6.2 

5.9 

■  f 

a.30 

6) 

142 

15.9 

ff.2 

11.5 

10.5 

9.9 

8.9 

8.1 

7.5 

7.1 

6.7 

r  ', 

a.416 

69 

IS.5 

148 

15.9 

12.4 

11.6 

109 

9.9 

9.1 

S.4  . 

7.9 

7.5 

m 

L  ^ 

ffM9 

75 

IS.9 

IS.5 

159 

119 

18.1 

^H.4 

10.5 

9.5 

S.8 

8.5 

7.8 

■ 

J 
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to  Extreme  Fibers 

yandy. 


Moment  of 

Inertia 

I 


Section  Hodub 


RadbtfOyratn 


...;.  a-- 

-i 


a^ 


yf 


\l 


a; 
6 


^-mz 


-f — 

a 

-I 


a' 


y-a 


a; 
3 


a; 
3 


^05773 


}<-..a.-*4 


ie 


a?-a? 


ai^af 
12 


a*- a* 
6a 


^ 


y=^  =O.T07a 


12 


-^  =  0.118a' 
bit 


A=0.283a 


b-d 


y=T 


12 


6 


4=0.Z83a 
Vi2 


lb- 


bd 


y=d 


3 


3 


l-mi 


i... 


■b 


b-d-bfd, 


'^    2 


b-d'-b,-d,^ 
12 


b-d'-b.d? 
6d 


^ 


b-d^b;d? 
12[b-d-b;dJ 


bd 


bd 


.5jl 


b'-d 

elbVd^ 


b'd' 


b-d. 


bd 


Y= 


dcosatbsinoc 


^[dcosW-amt 


d^a^tb'anc 


doMtfb-jiMC 


i 


d^WCtlMM. 
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Area 
A 


Distance  From  Axb 
to[xtreine.Fil)er5 

y  and  y, 


Moment  oF 
Inertia 
I 


Section  ttodub 


Radius  of  Gyration 

4 


5r 


b-d 
I 


y4y.f 


36 


M. 


^, 


z 


r-d 


12. 


4=.408d 


a 


^'■d 


^"b,+b  3 
'''■  b+b,  3 


b'+4b-b,tbf  J 
,36[b+b,l 


l£l?b+b.l 


eW^^^^J 


ndi 


.785d^ 


-1 


64" 


.049d* 


^=.098cl* 


d. 
4 


4.     ■ 
.185(d'-d!) 


y=Y 


64 
•.049[d*-d^ 


n[d*-dt] 
32d 

=.098[did!M 


VdVdT 
4 


^ 


I^=.393d^ 

0 


y.M,Z88d 
bTT 

y,=|^=IlZd 


9tt'-64., 
=.OOTd* 


9n'-64 
l9!l5TilI 

=.0Z4d' 


•d' 


I2tt  '^ 
=.I3Zd 


Y 


4 


Y=f 


nbi' 
64' 


.049b-d' 


2^=.098b-d' 


d. 
4 


Tib-d. 


.TKb^ 


yy 


^=.049d-b* 
04- 


.098d-b' 


b" 
4 
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Radius  oFGi! 

4 


=.866d* 


d^ltg-cos'SO')' 


4-co5*50*    . 
=.06d*       ■ 


AfiiMco^' 


6]  4cos'50* 


a 


|d-tan30' 
=.866d^ 


'    ?co530 
=  .571d 


d^(l+2-cos^50°) 


4-cos^50' 
.06  d*- 


A  d(l+2co5ZB0°) 


6L  4cos30 
=.l04d* 


4  K  5co5^3 
,=.Z64d 


ZdhinZl^ 


-.md^ 


r-i 


d%lcoi' 


4co5^£2t 
=.055d* 


T  1 


AfdOiEcM^fT) 
6[  4co5?zr 

=.l09d* 


4l 


+i:c(»'tf 


=.257d 


dj 


'w-b— >J 


Y 


b-d-h(b-t) 


y=i 


b-d'-hU-lr) 


12 


b-d'-h\b-b) 
6d 


i 


b-d'-h'(b- 

l?lb-d-h|b- 


-»sr—  h-'isj- 


J] 


bd-h{b-t) 


5.  Ul' 


gs-b%h-t' 
12 


l5    l  lJ 


25-b+h-t' 
6b 


Vl2[b-d-h(b 


-d 


ih 
ii.L 


b.d-h(b-b) 


y 
.1. 


y=-2 


b-d-h'(b-b) 
12 


bd-h'(b-b) 
6d 


bd'-hMb- 
I2lb-d-h(b 


b-d-h(b-t) 


JJjMI 


d  -H 


^  bd-h(b-t) 
y,=  b-Y 


2b^5  +  hP  y^ye 


I. 
Y 


f. 


bd+s(b-t) 


y=i 


tdVs'(b-b) 
12 


bdVs^b-t) 
6d 


i 


td'+s^b 


lZ[td+5(b:l 
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b5+ht 
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Y 


f 


3-;, 


Y 


b5t|(ltl.) 
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Y 
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„  tdt[b,-b]5^t[b-t][gd-5]3 
y=d-y 


b,YVbyMb,-iy-"5,1-[b-l:]M 
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ndt[b,-?t]5^[b-?t|[M-5l: 
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y,=  d-y 


b./^bY.^-Ml:]ly-^ftb-?^k-j' 
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Y 
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tdt?l5{5+n') 
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q=5lopeof  fl3nqe=(n-5)^b'=(h-l 
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Y 


0, 
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i[b\d-w.uva(bit')] 
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y 
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STRESSES  IN  FRAMED  STRUCTURES. 

Loads. — The  stresses  in  roof  trusses  are  due  to  (i)  the  dead  load,  (2)  the  snow  load,  (3)  the 
wind  load,  and  (4)  concentrated  and  moving  loads.  Data  for  dead  loads,  snow  loads,  wind 
loads,  crane  loads  and  other  loads  to  be  carried  on  trusses  are  given  in  Chapter  I  to  Chapter  I\^ 
inclusive.  The  loads  on  roof  trusses  are  commonly  given  as  a  certain  number  of  lb.  per  sq.  h. 
of  horizontal  projection  of  the  roof.  The  loads  are  assumed  to  be  transferred  to  the  truss  by 
means  of  purlins  acting  as  simple  beams,  the  joint  loads  being  equal  to  the  purlin  reactions. 

Methods  of  Calculation. — ^The  determination  of  the  reactions  of  simple  framed  structures 
usually  requires  the  use  of  the  three  fundamental  equations  of  equilibrium 

X  horizontal  components  of  forces        =  o  (a) 

2  vertical  components  of  forces  =  o  (h) 

X  moments  of  forces  about  any  point  =  o  [c] 

Having  completely  determined  the  external  forces,  the  internal  stresses  may  be  obtained 
by  either  equations  (a)  and  (b)  (resolution),  or  equation  (c)  (moments).     These  equations  may 
be  solved  by  graphics  or  by  algebra.     There  are,  therefore,  four  methods  of  calculating  strcsstt: 
r  Graphic  Method 
^  Algebraic  Method 

Graphic  Method 
.  Algebraic  Method 

The  stresses  in  any  simple  framed  structure  can  be  calculated  by  using  any  one  of  the  four 
methods.  The  method  of  calculating  the  stresses  in  roof  trusses  by  means  of  graphic  resolutioB 
will  be  explained  in  detail.  For  the  calculation  of  the  stresses  in  roof  trusses  and  other  framed 
structures  by  algebraic  resolution  and  by  algebraic  and  graphic  moments  the  reader  is  referred 
to  the  author's  "  The  Design  of  Steel  Mill  Buildings." 

Graphic  Resolution. — In  Fig.  i  the  reactions  Ri  and  R2  are  found  by  means  of  the  force  and 
equilibrium  polygons  as  shown  in  (b)  and  (a).  The  principle  of  the  force  polygon  is  then  applied 
to  each  joint  of  the  structure  in  turn.  Beginning  at  the  joint  L©.  the  forces  are  shown  in  {c\ 
and  the  force  triangle  in  (d).  The  reaction  Ri  is  known  and  acts  op,  the  upper  chord  stress  i-t 
acts  downward  to  the  left,  and  the  lower  chord  stress  i-y  acts  to  the  right,  closing  the  poh'goa. 
Stress  i-x  is  compression  and  stress  i-v  is  tension,  as  can  be  seen  by  applying  the  arrows  to  the 
members  in  (c).  The  force  i>)ly'g{)n  at  joint  Ui  is  then  constructed  as  in  (J).  Stress  i-x  acting 
toward  joint  Ui  and  load  Pi  acting  downward  are  known,  and  stresses  1-2  and  2-x  are  found  by 
completing  the  polygon.  Stresses  2-v  and  1-2  are  compression.  The  force  polygons  at  joints 
Li  and  U2  are  constructed,  in  the  order  given,  in  the  same  manner.  The  known  forces  at  any 
joint  are  indicated  in  direction  in  the  force  jwlygon  by  double  arrows,  and  the  unknown  fonts 
are  indicated  in  direction  by  single  arrows. 

The  stresses  in  the  members  of  the  right  segment  of  the  truss  are  the  same  as  in  the  left,  and 
the  force  polygons  are,  therefore,  not  constructed  for  the  right  segment.  The  force  polygons  fof 
all  the  joints  of  the  truss  are  grouped  into  the  stress  diagram  shown  in  (k).  Compression  in  tie 
stress  diagram  and  truss  is  indicated  by  arrows  acting  toward  the  ends  of  the  stress  lines  and  towiid 
the  joints,  respectively,  and  tension  is  indicated  by  arrows  acting  away  from  the  ends  of  tlie 
stress  lines  and  away  from  the  joints,  resixjctively  The  first  time  a  stress  is  used  a  single  ano»i 
and  the  second  time  the  stress  is  used  a  double  arrow  is  used  to  indicate  direction.  The  stittf 
diagram  in  (k)  Fig.  i  is  called  a  Maxwell  diagram  or  a  reciprocal  polygon  diagram,  i.  e.,  arcaf 
in  the  truss  diagram  become  points  in  the  stress  diagram.  The  notation  used  is  known  as  Bow» 
notation.  The  method  of  graphic  resolution  is  the  method  most  commonly  used  for  calculating 
stresses  in  roof  trusses  and  in  simple  framed  structures  with  inclined  chords. 

STRESSES  IN  ROOF  TRUSSES.— The  methods  of  calculating  dead  load,  snow  load,  and 
wind  load  stresses  in  roof  trusses  by  graphic  resolution  will  be  briefly  described. 


\ 


STRESSES   IN   RCX)F  TRUSSES. 


id  S^esses. — The  dead  load  ts  made  up  of  the  weight  of  the  truss  and  the  roof 
(  ut»ual)y  considered  as  applied  at  the  panel  points  of  the  upper  chords  in  computing  ! 
If  the  purlins  do  not  come  at  the  j^anel  points,  the  up|jer  chord  wiJl  have  | 
Dr  direct  stress  and  stress  due  to  tiexum. 

I  A  Fink  truss  due  to  dead  toads  is  calculated  by  graphic  resotutlon  in  (a)  Fig.  2. 
laid  off,  the  reactions  found,  and  the  stresses  calculated  beginning  at  joint  L^^ 
l*\g,  1*  The  stress  diagrani  for  the  right  half  of  the  truss  need  not  be  drawn 
russ  and  loads  are  symmetrical  as  tn  {a)  Fig,  2 ;  however,  it  gives  a  check  un  the  accuracy 
\.  and  is  well  worth  the  extra  time  required.  The  loads  Fi  on  the  abutments  have  no 
I;  Biresse?*  in  the  truss,  and  may  l>e  omitted  in  this  s<>lution» 

King  the  stresses  at  joint   Ft,  the  stresses  in  the  members  3-4,  4-5  and  jp-5  arc 
Jic  solution  appears  to  be  indeterminate*     The  solution  is  easily  made  by  cutting 
■5  and  5'6»  and  replacing  them  with  the  dotted  member  shown*     The  stresses  in 
rs  in  the  mociified  truss  are  now  obtained  up  to  and  including  stresses  6-Jc  and  6-7. 

kG-x  and  6-7  arc  independent  of  the  form  of  the  framework  to  the  left,  as  can 
cutting  a  section  through  the  members  6— jc,  6-7  and  7-,v,  the  solution  can  be 
the  apparent  ambiguity  removed.  The  ambiguity  can  also  be  removed  by  cal- 
r  bircsM  in  7— v  by  algebraic  moments  and  substituting  it  in  the  stress  diagram.  It  will 
^t  all  top  chord  members  are  in  compression  and  all  bottom  chord  members  are  in 

^■8  Stresses. — Large  snow  storms  nearly  always  occur  in  still  weather,  and  the 
ftm  load  will  therefore  be  a  uniformly  distributed  load.  A  heav>'  wind  may  follow  a 
Hfid  a  snow  toad  equal  to  the  minimum  given  in  J  19,  "  Specifications  for  Steel  Frame 
Bbpter  K  should  be  considered  as  acting  at  the  same  time  as  the  wind  load.  The 
^^■now  load  are  found  in  the  same  manner  as  the  dead  load  stresses^ 
1SB  Stresses. — ^The  stresses  in  trusses  <lue  to  wind  load  w*ill  depend  upon  the  direction 
of  the  wind,  and  the  condition  uf  the  end  supports*  The  wind  is  comm<mly  con-  ' 
horizontally^  and  the  normal  component*  as  determined  by  one  of  the  fomiylas 
iciitiijns  for  Steel  Frame  Built  lings,"  Chapter  I»  is  taken. 

'  the  truss  may  (l)  be  rigidly  fixed  to  the  abutment  walls,  (2)  be  equally  free  to 
have  one  end  fixed  and  the  other  end  on  rollers.     When  both  ends  of  the  truss 
to  the  abutment  walls  (i)  the  reactions  are  parallel  to  each  other  and  to  the 
^external  loads;  where  both  ends  of  the  truss  are  equally  free  to  move  (2)  the 
ents  of  the  reactions  are  eqtjalj  and  where  one  end  is  fixed  and  the  other  end 
i  n»Uers  (3)  the  reaction  at  the  roller  end  will  alw^ays  Ix*  vertical.     Either  case  (1) 
Itsommonly  assumed  in  calculating  wind  load  stresses  in  trusses.     Case  {2)  is  the  con- 
I  or  a  framed  bent.     The  vertical  components  of  the  reactions  arc  independent  of 
1.1  he  ends* 

No  Rollers. — The  stresses  due  to  a  normal  wind  load,  in  a  Fink  truss 
lucd  to  rigid  walh,  are  calculated  by  graphic  resi*lution  in  (b)  Fig.  2*     The  rcac- 
I  and  their  sum  ecfuats  the  sum  of  the  external  loads;  they  are  found  by  means  of 
iiim  polygons.     To  calculate  the  reactions,  lay  off  the  loads  Fu  F%,  Fi,  P*,  Pt, 
Id  select  ihc  pole  0  at  any  convenient  point.     Then  at  a  point  on  line  of  action  of  Fi 
draw  strings  parallel  to  the  rays  drawn  through  the  ends  of  Pi  in  the  force 
I  drawn  parallel  to  the  ray  common  to  forces  Pi  and  Fi  in  the  force  polygon 
Pf  in  the  tn?s5  diagram*     Through  this  point  draw  a  string  parallel  to  the  ray 
Ft  and  P»  in  the  force  polygon,  and  so  on  until  the  strings  drawn  parallel  to 
me<rt  on  the  resuttanr  of  all  the  loads.     The  closing  line  of  the  force  polygon 
I  ^ints  on  the  reactions.     Through   point  O  in  the  force  polygon  draw  line  0*K 
r*ing  line  in  the  equilibnum  polygon,  Ri  and  Rt  are  the  reactions,  as  shown* 

im  t»  construrtcd  in  the  $ame  manner  as  that  for  dead  loads*     Heavy  lines 
I  diagram  indicate  compre^ion,  and  light  lines  indicate  tension. 
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The  ambiguity  at  joint  P|  is  removed  by  means  of  the  dotted  member,  as  in  the  case  of  the 
dead  load  stress  diagram.  It  will  be  seen  that  there  are  no  stresses  in  the  dotted  web  memben 
in  the  right  segment  of  the  truss.  It  is  necessary  to  carry  the  solution  entirely  through  the 
truss,  beginning  at  the  left  reaction  and  checking  up  at  the  right  reaction.  It  will  be  seen  that 
the  load  Pi  has  no  effect  on  the  stresses  in  the  truss  in  this  case,  the  left  reaction  being  simply 
reduced  if  Pi  is  omitted. 


f-^- 


Scale  of  Lengths 
^•3'  "^     Joint  L. 


o    4000  WOO  law 


h) 


Fig.  I. 

Wind  Load  Stresses:  Rollers. — ^Trusses  longer  than  70  ft.  are  usually  fixed  at  one  end,  aal 
are  supported  on  rollers  at  the  other  end.  The  reaction  at  the  roller  end  is  then  vertical — the  hori- 
zontal component  of  the  external  wind  force  being  all  taken  by  the  fixed  end.  The  wind  may 
come  on  either  side  of  the  truss,  giving  rise  to  two  conditions:  (i)  rollers  leeward  and  (2)  roUai 
windward,  each  requiring  a  separate  solution. 

Rollers  Leeward. — The  wind  load  stresses  in  a  triangular  Pratt  truss  with  rollers  under  the 
leeward  side  are  calculated  by  graphic  resolution  in  (c)  Fig.  2. 

The  reactions  in  (c)  Fig.  2  were  first  determined  by  means  of  force  and  equilibrium  pol>-goo8, 
on  the  assumption  that  they  were  parallel  to  each  other  and  to  the  resultant  of  the  external  loa(t 
Then  since  the  reaction  at  the  roller  end  is  vertical  and  the  horizontal  component  at  the  fixed  end 
is  equal  to  the  horizontal  component  of  the  external  wind  forces,  the  true  reactions  were  obtainM 
by  closing  the  force  polygon. 

In  order  that  the  truss  be  in  equilibrium  under  the  action  of  the  three  external  forces,  ^1,  ^ 
and  the  resultant  of  the  wind  loads,  the  three  external  forces  must  meet  in  a  point  if  produced 
This  furnishes  a  method  for  determining  the  reactions,  where  the  direction  and  line  of  action  o 
one  and  a  jxjint  in  the  line  of  action  of  the  other  are  known,  providing  the  point  of  intcrsectiofl 
of  the  three  forces  comes  within  the  limits  of  the  drawing  board. 

The  stress  diagram  is  constructed  in  the  same  way  as  the  stress  diagram  for  dead  loads. 
It  will  be  seen  that  the  load  Pi  has  no  effect  on  the  stresses  in  the  truss  in  this  case.  Hea\7  lin* 
in  truss  and  stress  diagram  indicate  compression,  and  light  lines  indicate  tension. 

Rollers  Windward. — The  wind  load  stresses  in  the  same  triangular  Pratt  truss  as  shown  i» 
(c)  Fig.  2,  with  rollers  under  the  windward  side  of  the  truss  are  calculated  by  graphic  resoluti* 
in  (d)  Fig.  2. 

The  true  reactions  were  determined  directly  by  means  of  force  and  equilibrium  polygooi. 
The  direction  of  the  reaction  Pi  is  known  to  be  vertical,  but  the  direction  of  the  reaction  Ri'^ 
unknown,  the  only  known  point  in  its  line  of  action  being  the  right  abutment.  The  equilibriuB 
polygon  is  drawn  to  pass  through  the  right  abutment  and  the  direction  of  the  right  reaction  ii 
determined  by  connecting  the  point  of  intersection  of  the  vertical  reaction  Pi  and  the  line  dia** 
through  0  parallel  to  the  closing  line  of  the  equilibrium  polygon,  with  the  lower  end  of  the  loadliit 
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Since  the  vertical  components  of  the  reactions  are  independent  of  the  conditions  of  the  endi 
of  the  truss,  the  vertical  components  of  the  reactions  in  (c)  and  (d)  Fig.  2  are  the  same.  It  wil 
be  seen  that  the  load  Pi  produces  stress  in  the  members  of  the  truss  with  rollers  windward.  If 
the  line  of  action  of  Rt  drops  below  the  joint  Pa,  the  lower  chord  of  the  truss  will  be  in  compressioo, 
as  will  be  seen  by  taking  moments  about'  Pj. 

STRESSES  IN  A  TRANSVERSE  BENT.— A  transverse  bent  in  a  steel  mill  buildiif 
consists  of  a  roof  truss  supported  at  the  ends  on  columns  and  braced  against  longitudinal  mcn^ 
ment  by  means  of  knee  braces,  Fig.  3.  The  ends  of  the  columns  may  be  fixed  at  the  base  or 
may  be  free  to  turn  (pin-connected).  The  stresses  in  a  transverse  bent  are  statically  indeterminate 
and  cannot  be  calculated  without  taking  in  account  the  deformations  of  the  members  thenisei\'«L 
The  following  approximate  method,  proposed  by  the  author  in  the  first  edition  of  "  The  D^ 
sign  of  Steel  Mill  Buildings,"  1903,  gives  results  that  are  approximately  correct,  are  on  the  safe 
side,  and  is  the  method  now  used  in  practice. 

Dead  and  Snow  Load  Stresses. — The  stresses  due  to  dead  and  snow  loads  in  trusses  of  a 
transverse  bent  are  calculated  the  same  as  though  the  trusses  were  supported  on  solid  walls. 

Wind  Load  Stresses. — The  external  wind  loads  may  be  taken  (i)  as  horizontal  or  (2)  as  normal 
to  the  surface.  The  columns  will  be  assumed  to  be  pin-connected  at  the  tops  and  to  be  either  pin- 
connected  or  fixed  at  the  base.  It  will  be  assumed  that  the  horizontal  reactions  at  the  foot  of 
the  columns  are  equal  to  each  other,  and  equal  to  one-half  of  the  horizontal  component  of  the 
external  wind  load.  It  is  also  assumed  that  the  truss  does  not  change  its  length,  and  that  the 
deflection  of  the  columns  at  the  top  of  the  columns  and  at  the  foot  of  the  knee  brace  are  equal 

It  is  shown  in  **  The  Design  of  Steel  Mill  Buildings  *'  that  when  the  columns  are  fixed  at 
the  base  the  point  of  contra-flexure  comes  at  a  distance  of  from  ^  to  f  of  the  distance  from  the 
foot  of  the  column  to  the  foot  of  the  knee  brace.  It  is  usually  assumed  that  the  p>oint  of  contra- 
flexure  is  located  at  a  point  in  the  column  one-half  the  distance  from  the  foot  of  the  column  to 
the  foot  of  the  knee  brace.  If  A  =  height  of  the  column,  d  =  height  from  the  base  of  the  column 
to  the  foot  of  the  knee  brace,  then  the  distance  from  the  base  of  the  column  to  the  point  of  contra- 
flexure  will  be 

^°         2  {2d  -\-h)'  ^^ 

The  calculation  of  the  wind  stresses  in  a  transverse  bent  with  a  monitor  ventilator  is  shown  in 
Fig.  3.  The  bents  are  spaced  32  ft.  centers  and  are  designed  for  a  horizontal  wind  load  of  20  lb.  ptf 
sq.  ft.,  the  normal  wind  load  being  calculated  by  Mutton's  formula.  Fig.  3,  Chapter  I.  The  point 
of  contra-flexure  is  found  by  substituting  in  equation  (4)  to  be 


--^(1^5) ='"^ 


_  305  , 


The  external  forces  are  calculated  for  the  bent  above  the  point  of  contra-flexure  by  multiplyisf 
the  area  supported  at  the  point  by  the  intensity  of  the  wind  pressure.  For  example,  the  load  at 
B  is  32'  X  6.75'  X  20  lb.  =  4320  lb. 

The  line  of  application  and  the  amount  of  the  external  wind  load,  'ZW,  is  found  by  means 
of  a  force  and  an  equilibrium  polygon.  21W  acts  through  the  intersection  of  the  strings  parallel 
to  the  rays  0-B  and  O-  C,  and  is  equal  to  C-B  (line  C-B  is  not  drawn  in  force  polygon)  in  amount. 
The  ij.'actions  R  and  R'  may  be  calculated  graphically  as  follows: — Lay  off  the  total  wind  \o»^ 
XW  so  that  it  will  be  bisected  by  point  A  in  Fig.  3.  Perpendiculars  dropped  from  the  endsw 
load  line  ZW  to  the  dotted  lines  A  B  and  A  C  will  give  F'  =  12,800  lb.,  and  F  «=  700  lb.,  rtsp*- 
tively.     Then  R  and  R'  are  calculated  as  shown. 

The  calculation  of  stresses  is  begun  at  point  B  in  the  windward  column,  and  in  the  str* 
diagram  the  stresses  at  B  are  found  by  drawing  the  force  polygon  a-B-A-b-a,  The  rtnOAm 
stresses  are  calculated  as  for  a  simple  truss.  In  calculating  the  stresses  in  the  ventilator  it  *• 
assumed  that  diagonals  9-10  and  10-12  are  tension  members,  so  that  9-10  will  not  be  in  acti* 


STRESSES  IN  A  TRANSVERSE   BENT. 


557 


I  wind  U  acting  as  shown.  Before  solving  the  stresses  at  the  joint  6-7^  it  was  necessary 
Mc  the  stresses  in  members  t-11,  io~ii  and  g-L  The  remainder  of  the  solution  offers 
illy  to  one  familiar  with  the  principles  of  graphic  statics. 
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Fig.  3. 

in  post  6-^  is  equal  to   F,  while  the  stress  in  \-t  is  found  by  extending  l-r  to  c* 
\  diagram,  c*  being  a  point  on  the  load  line.     The  stivss  in  post  n-A  is  equal  to    V\ 
\%XTcs&  in  i^-w  is  found  by  extending  19-frt  to  m*  in  the  stress  diagram,  m*  being  a  point 
atital  line  drawn  through  C".     The  kind  of  stress  in  the  different  members  is  shown 
'  lines  in  the  bent  and  stress  diagrams. 

\  discussion  of  the  calculations  of  the  stresses  in  a  transverse  bent,  see  '*  The 
[  ^teti  Mill  Buildings/* 

IN    BRIDGE    TRUSSES*— The  stresses  in  bridge  trusses  may  be  calculated 

the  condition  equations  for  equilibrium  for  translation,  resolution;  or  by  applying 

;  for  equilibrium  for  rotation,  moments.     Both  resolution  and  moments  may 

•  ally  or  graphically,  giving  four  methods  for  calculation  the  same  as  for 


u — ^Tbe  criteria  for  loadiJig  a  tnisB  or  beam  for  maximum  and  minimum 
•  given  on  page  t6o,  Chapter  IV, 

u — The  rorthods  of  calculating  the  stresses  in  bridge  trusses  are  shown  by  several 
I  Ulben  fn>fn  the  aulhor*s  **  The  Design  of  Highway  Bridges." 
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Problem  i.    Dead  Load  Stresses  in  a  Camel-back  Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  a  Camel-back  (inclined  Pratt)  truss,  span  i6o'  o",  panel  length  20'  0", 
depth  at  the  hip  25'  o",  depth  at  the  center  32'  o",  dead  load  400  lb.  per  lineal  foot  per  tnuL 
Calculate  the  dead  load  stresses  by  graphic  resolution.  Scale  of  truss,  l"  ->  25'  o".  Scale  of 
loads,  i"  =  10,000  lb. 

(6)  Methods. — ^The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  bottoa 
upwards.  Calculate  the  stresses  by  graphic  resolution,  beginning  at  Ri  and  checking  up  at  1^ 
Follow  the  order  given  in  the  stress  diagram. 

(c)  Results. — The  top  chord  is  in  compression  and  the  bottom  chord  is  in  tension.  Al 
inclined  web  members  are  in  tension;  while  part  of  the  posts  are  in  compression  and  part  are ii 
tension.     Member  1-2  is  simply  a  hanger  and  is  always  in  tension. 

Problem  2.    Dead  Load  Stresses  in  a  Petit  Truss  by  Graphic  Resolltion. 

(a)  Problem. — Given  a  Petit  truss,  span  350'  o",  panel  length  25'  o,"  depth  at  hip  50' o*. 
depth  at  center  58'  o",  dead  load  0.9  tons  per  lineal  foot  per  truss.  Calculate  the  dead  kad 
stresses  by  graphic  resolution.     Scale  of  truss,  i"  =  50'  o".     Scale  of  loads,  i"  =45  tons. 

(b)  Methods. — The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  top 
downwards.  Calculate  Ri  and  Rt.  Calculate  the  stresses  in  the  members  at  the  left  reactifli 
by  constructing  force  triangle  i-Y-X,  Then  calculate  the  stress  in  1-2  by  constructing  polyffM 
Y-1-2-Y.  Draw  3-2,  which  is  the  stress  in  member  3-2.  Then  pass  to  joint  Wt  where  that 
appears  to  be  an  ambiguity,  stress  4.-5  being  unknown.  To  remove  the  ambiguity  proceeds 
follows:  At  Wi  on  the  left  side  of  the  stress  diagram  assume  that  Wt  is  the  stress  in  5-6  (tk 
member  5-6  is  simply  a  hanger  and  the  stress  is  as  assumed).  Calculate  the  stress  in  1-5  by 
completing  the  triangle  of  stresses  in  the  auxiliary  members.  The  stresses  are  now  aU  Imon 
at  Wt  except  5-4  and  5-K,  but  the  stress  in  4-^  is  between  the  two  unknown  stresses.  Fat 
complete  the  force  polygon  2-3-4-5'- K-K-2.  Then  by  changing  the  order  the  true  po1>]pi 
2-3-4-5- K-K-2  may  hie  drawn.  This  solution  is  sometimes  call^  the  method  of  sliding  ii* 
member.  The  apparent  ambiguity  at  joint  Wi  may  be  removed  in  the  same  manner.  The  stit« 
diag^m  is  carried  through  as  shown  and  finally  checked  up  at  Rt'  It  will  be  seen  that  there ii 
no  apparent  ambiguity  on  the  right  side  of  the  truss. 

(c)  Residts. — It  will  be  seen  that  the  Petit  truss  is  an  inclined  Pratt  or  Camel-back  tfH 
with  subdivided  panels.  The  auxiliary  members  are  commonly  tension  members  in  all  esoft 
the  end  primary  panels  as  in  the  Baltimore  truss  in  Problem  6.  It  will  be  seen  that  the  strea* 
in  the  first  four  panels  of  the  lower  chord  are  the  same.  The  loads  in  this  type  of  Petit  trass  are 
carried  directly  to  the  abutments.  The  Petit  truss  is  quite  generally  used  for  long  span  higbit]r 
and  railway  bridges. 

Problem  3.     Maximum  and  Minimum  Stresses  in  a  Warren  Truss  by  Algebiaic 

Resolution. 

(a)  Problem. — Given  a  Warren  truss,  span  160'  o",  panel  length  20'  o",  depth  20'  0",  deil 
load  800  lb.  per  lineal  foot  per  truss,  live  load  1,600  lb.  per  lineal  foot  per  truss.  Calculate  tlie 
maximum  and  minimum  stresses  in  the  members  due  to  dead  and  live  loads  by  algebrak  re*- 
lution.     Scale  of  truss  as  shown. 

(6)  Methods. — Dead  Load  Stresses. — ^Beginning  at  the  left  end  the  left  reaction  is  Ri  *  31^ 
The  shear  in  the  first  panel  is  ^iW,  in  the  second  panel  is  2iW,  in  the  third  panel  b  }H^'.*" 
in  the  fourth  panel  is  ilV.  Now  resolving  at  ^1  the  stress  in  I-K  —  —  3iW^-tan^,  stress  i-a 
=  -{-  SiW'secO.  Cut  members  i-F,  1-2  and  2-X  and  the  truss  to  the  right  by  a  plane aflj 
e<|uate  the  horizontal  components  of  the  stresses  in  the  members.  The  unknown  stress  2^ 
will  equal  the  sum  of  the  horizontal  components  of  the  stresses  in  I-F  and  1-2  with  sign  changf* 
=  -  (- 3i  -  3i)W^-tand  =  -f-71^  tan^.  The  stress  in  3-K  »  -(7  +  2l)H^  tan*  •- 
9JP^tan^.  Stress  in  4.-X  =  —  (— 9i  —  2j)W^'tan^  =*  +  i2T7-tan^;  stress  in  5-F** 
(4-  12  4-  ii)l^-tan^  =  +  i3JW^-tan^;  and  the  stress  in  6-X  =  -  (-  13*  -  ii)W-m9* 
+  iSW-tan  ^;  etc.  The  coefficients  of  the  chord  stresses  when  multiplied  by  H' tan^gj* 
the  stresses,  while  the  coefficients  for  the  webs  when  multiplied  by  W'sec  0  give  the  *• 
stresses. 

Live  Load  Stresses. —  Chord  Stresses — The  maximum  chord  stresses  occur  when  tbejoj 
are  all  loaded,  and  the  chord  coefficients  are  found  as  for  dead  loads.  The  minimum  liveW 
stresses  in  the  chords  occur  when  none  of  the  joints  are  loaded,  and  are  zero  for  each  membtf- 

Web  Stresses. — The  maximum  web  stresses  in  any  panel  occur  when  the  longer  segmeot  Jjj^^ 
which  the  panel  divides  the  truss  is  loaded,  while  the  shorter  segment  has  no  loads  on  it  ** 
minimum  live  load  web  stresses  occur  when  the  shorter  segment  is  loaded  and  the  longer  segnji 
has  no  loads  on  it.    The  maximum  stresses  in  members  i-^  and  i-a  occur  when  the  truss  i»W 
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in  thepaiieHs3i/',  or  VJ^p^nd  the  stress  in  i-X  =*  ^jP'sec^  *»  +  125,400 
in  1-2  *  —  3|/'*sec  tf  =  —  125,400  lb.     The  minimum  stresses  in  i-X  and 
The  maximum  stresses  in  2-3  and  3-4  occur  when  6  loads  are  on  the  right  of  the 
r  nrp  no  loads  on  the  left  of  the  panel.     The  shear  in  the  panel  will  then  be  equal 
'\>m,     =  /?!  7  (6  X  3i  X  P)/8  =*  V^.     The    stress    in    2-3  -  V-i'-sec  e  = 
1  the  stress  in  3-4  =  —  V^P-sectf  =  —  94,080  lb.     The   minimum  stresses 

j  ixrcur  when  there  is  one  load  on  the  shorter  segment.     In  the  corresponding 

V  f  the  truss,  if  the  shorter  segment  is  loaded,  the  left   reaction  =  \P  —  the 

I  I      The    minimum    stress    in  2-3  =  —  IP'sccB  —  —4.480  lb.,   while    the 

'  ^-4  —  -h  4»4Ho  lb.     The  stresses  in  the  remaining  panels  are  calculated  in  the 

maximum  chord  stresses  arc  equal  to  the  sum  of  the  dead  and  live  li>ad  chord 
he  minimum  chord  stresses  are  the  dead  load  chord  stresses.     The  maximum  web 
,^ual  to  the  sum  of  the  dead  and  the  maximum  live  load  web  stresses.     The  minimum 
equal  to  the  algebraic  sum  of  the  dead  load  stresses  and  the  mimmum  live  load 

L — The  web  members  7-6  and  7-8  have  a  reversal  of  stress  from  tension  to  com- 
'  the  reverse*     These  members  must  be  counterbraced  to  take  both  kinds  of  stress. 

Maximum  and  Minimum  Stresses  in  a  Pratt  Truss  by  Algebraic 
Resolution. 

liven  a  Pratt  truss,  span  140'  o",  panel  length  20'  o".  depth  24'  o",  dead 
lineal  foot  per  truss,  live  load  1,600  lb,  per  lineal  fo<jt  per  truss.     Calculate  the 
nd  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution.     Scale  of 
20*  o". 

tthods.^ — Construct  three  truss  diagrams  as  shown.     On  the  first  place  the  dead  load 
and  the  dead  load  stresses.     On  the  second  place  the  live  load  coefficients  and  the 
On  the  third  place  the  maximum  and  minimum  stresses  due  to  dead  and  live 
maidmum  chord  stresses  are  the  sums  of  the  dead  and  live  load  chord  stresses,  while 
'  stresses  are  those  due  to  dead  load  alone.     The  hip  vertical  is  simply  a  hanger 
I  stress  of  one  dead  load  and  a  maximum  stress  of  one  live  and  one  dead  load. 
Ilium  and  minimum  stresses  in  the  webs  arc  the  same  as  for  the  Warren 
havin^i  stresses  equal  to  the  vertical  components  of  the  stresses  in  the 
I  cting  them  on  the  unloaded  (top)  chord. 
is  no  dead  load  shear  in  the  middle  panel,  but  it  is  seen  that  there  are 
t'tr  live  loads.     Only  one  of  the  counters  will  be  in  action  at  one  time 
Let  of  gravity  of  the  lcj>ads  is  not  in  the  center  line  of  the  truss,  that  counter 
:hat  extends  downward  toward  the  center  of  gravity.     The  numerators  of  the 
mimmum  live  load  web  coc>ffirients  are  o,  1,  3,  6,  10,  15,  21,  as  for  the  Warren 
iihows  that  the  maximum  and  minimum  web  stresses  are  proportional  to  the  ordinate* 


f  AXtMUM  AND  MINIMUM  STRESSES  IN  A  DeCK  BALTIMORE  TRUSS  BY  ALGEBRAIC 

Resolution, 

u — Given  a  deck   Baltimore  truss,   span  280'  o'^  panel  length   20'  o",  depth 

I  Iliad  0,375  tons  per  lineal  fo<->t  F>er  truss,  live  load  0,625  tons  per  lineal  foot  per  truss, 

lium  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  rescjiution. 

Construct  three  trus*  diagrams  and  ujf^  them  as  shown. 

"^  — ^The  auxiliary  struts  1-2,  5^,  9-10,  etc.,  carry  a  full  dead  Wd  cora- 

Lr%'  web  members  2-3,  6-7,  lo-i  1,  etc.,  have  a  tensile  stress  of  }  lF*sec  9, 

^  tfie  shear  in  the  panel  multiplied  by  sec  ^  =  —  (t^W^scc  $.     The  stress 

i-ar  in  the  panel  multiplied  by  sec  0,  plus  the  inclinetj  component  of  the  one* 

1  Tied  toward  the  center  by  the  auxiliary  memlier  2-3,  =  —  (si  H-  i)W'9ec  $ 

rise  stress  in   3-4  is  the  vertical  comj^nent  of  the  stress  in  3-K  =  +  6H^. 

4^F  is  the  horizontal  component  of  the  stress  in  3-K  —  —  6H^'tan  0.     The  stress 

t-X  =  4-  6jH'''tan  6.     The  stress  in  4-5  is  the  inclined  component  of  the  shear  in 

*  -  4jU''sec  6,     The    stress    in    5-A'  ^  ^  (-^  6  -  4i)U'"tan  ^  =  -h  loitF-tan  B, 

-  ..I  l..ir|  Stresses  are  calculated  in  a  similar  manner. 

es. — The  maximum  shears  in  the  different  panels  occur  when  the  longer 

>aded,  while  the  minimum  shears  fjccur  when  the  shorter  segment  of  the 

The  maximum  stre&ses  in  the  webs  in  the  first  and  second  panels  occur  for  a 

JtlK*  bridge.     The  maximum  shear  in  the  third  panel  occurs  with  all  loads  to  the 

1  And  no  toads  to  the  left.     The  shear  in  the  panel  will  then  be  equal  to  the  left 

j(H  -f  t)  PI t4  *  !JP.     The    maximum    live   load    stress   \t\    ^-^  V^V  be^  ^ 


H^g^^ 
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—  ff  P«sec  0.  With  a  maximum  stress  in  4-5  the  stress  in  4-7  will  be  ■■  {—  66/14  +  7liA)P' 
aec6  =»  —  i^lP'sec^.  This  is  the  maximum  stress,  for  the  stress  in  4-7  when  there  is  a 
maximum  shear  in  the  panel  is  "  10  X  11/2X  ^P'scc$  «  —  HP'secS.  In  a  ainiilar 
manner  it  will  be  found  that  maximum  stresses  in  members  8-9  and  8-1 1  occur  with  a  maximum 
shear  in  8-9.  On  the  right  side  it  will  be  seen  that  minimum  stresses  in  the  diagonals  occur  for  a 
minimum  shear  in  the  odd-numbered  panels  from  the  right. 

(c)  Results. — ^The  dead  and  live  loads  were  assumed  as  applied  on  the  upper  chord.  The 
upper  chords  are  in  compression,  while  the  lower  chords  are  in  tension  the  same  as  for  a  through 
truss.     The  live  and  dead  load  stresses  are  given  separately  on  the  left  side  of  the  lower  truss. 

Problem  6.    Maximum  and  Minimum  Stresses  in  a  Through  Baltimore  Truss  by  Algebraic 

Resolution. 

(a)  Problem. — Given  a  through  Baltimore  truss,  span  320'  o",  i>anel  length  20'  o",  depdi 
40'  o",  dead  load  800  lb.  per  lineal  foot  jxjr  truss,  live  load  i  ,8do  lb.  per  lineal  foot  per  truss. 
Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
Scale  of  truss,  i"  =  40'  o". 

(6)  Methods. — Construct  three  truss  diagrams  as  shown. 

Dead  Load  Stresses. — ^The  shear  in  each  of  the  hangers  is  W,  while  the  stress  in  each  of  the 
diagonal  auxiliary  members  is  —  \W-six.B.  The  stress  in  the  upper  i>art  of  the  end-post  is 
(+ 6i -f- i)W'''sec  ^  =  +7H^-sccd,  where  +  6ili''-sec  ^  is  the  stress  due  to  the  shear  and 
+  JW''*sec  ^  is  the  stress  due  to  the  half  load  carried  toward  the  center  by  the  auxiliary  diagonal 
member.     The  stress  in  the  main  diagonal  in  the  third  panel  is  —  5iPr*sec  B,  where  5) IT  is  the 

shear  in  the  F>anel;  while  the  stress  in  the  diagonal  in  the  fourth  panel  is  (—  4J  —  \)W*&ccB  ■ 

—  $W'Soc  0,  where  j^\W'Sqc  0  is  the  stress  due  to  the  shear  in  the  panel  and  JH^-sec  9  is  tk 
stress  carried  toward  the  center  of  the  truss  by  the  auxiliary  member.  The  chord  coeffidentt 
are  calculated  as  in  Problem  5. 

Live  Load  Stresses. — ^The  maximum  shear  in  the  third  panel  occurs  with  13  loads  to  tie 
right  of  the  panel  and  with  no  loads  to  the  left  of  the  panel.  The  shear  in  the  panel  is  then  equal 
to  the  left  reaction,  equals  13  X  i(i3  +  i)  X  P/16  =  fJP.  The  stress  in  the  main  diagonal 
in  the  third  panel  is  then  equal  to  —  JJP'sec  d.  The  stress  in  the  main  diagonal  in  the  fouith 
panel  is  (—  ?\P  +  t^/')  sec  ^  =  —  fJP  sec  ^,  =  a  maximum,  the  maximum  shear  in  the  panel 
being  12  X  5(i2  -f  i)  X  -P/16  =  {*/'.  In  like  manner  the  maximum  stresses  are  fouil  ta 
5th  and  6th  panels  when  there  is  a  maximum  shear  in  the  5th  panel,  and  in  the  7th  and  8th  paneli 
when  there  is  a  maximum  shear  in  the  7th  panel.  Minimum  stresses  in  the  3d  and  4th  paneli 
from  the  right  abutment  occur  when  there  is  a  minimum  shear  in  the  3d  panel;  and  m  tbe5tft 
and  6th  panels  when  there  is  a  minimum  shear  in  the  5th  panel. 

{c)  Results. — The  double  panels  next  to  the  center  require  counters.  It  should  be  nodoed 
that  in  calculating  the  stresses  in  these  counters  the  diagonal  auxiliary  ties  will  have  the  dead 
load  stress  of  +  5,66  tons  as  a  minimum. 

Problem  7.     Maximum  and  Minimum  Stresses  in  a  Camel-back  Truss  by  Algb- 

BRAic  Moments. 

(a)  Problem. — Given  a  Camel-back  truss,  span  100'  o",  p>anel  length  20'  o",  depth  at  i^J 
20'  o",  depth  at  center  25'  o",  dead  load  300  lb.  per  lineal  foot  per  truss,  live  load  800  lb.  perl 
lineal  foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  lowl 
by  algebraic  moments.     Scale  of  truss,  i"  =  20'  o".  f 

(6)  Methods. — Calculate  the  arms  of  the  forces  as  shown  and  check  the  values  by  flcafifj 
from  the  drawinjj. 

Dead  Load  Stresses. — To  calculate  the  stress  in  the  end-post  LoI7i,  take  center  of  mooiefllij 
at  Li,  and  pass  a  section  cutting  LoU\,  U\L\  and  LiLj,  and  cutting  away  the  truss  to  thefij|k'| 
Then  assume  stress  LaUi  as  an  external  force  acting  from  the  outside  toward  the  cut  sect**] 
and  stress  LqUi  X  14.14  —  i?i  X  20  =  o.  Now  i?i  =  6  tons  and  stress  Lot^i  =  +M^j 
To  calculate  the  stresses  in  LqLx  and  LiLj  take  the  center  of  moments  at  Uu  and  passasectiBi  j 
cutting  members  UiUt,  UiL%  and  LiLj,  and  cutting  away  the  truss  to  the  right.  Thenassa*.] 
the  stress  in  LiLjasan  external  force  acting  from  the  outside  toward  the  cut  section,  and  ^1^;*^  ] 

—  i?i  X  20  =  o.  Now  i?i  =  6  tons  and  the  stress  in  LoLi  =  LiLt  «  —  6  tons.  TocaIcw«j 
the  stress  in  U\Ut  take  the  center  of  moments  at  Lj,  and  pass  a  section  cutting  member*  ^»**  j 
UtLt  and  LtLt\  and  cutting  away  the  truss  to  the  right.  Then  assume  the  stress  in  ^»^'*5#i 
external  force  acting  from  the  outside  toward  the  cut  section,  and  UiUt  X  24.25  —  R\  X4?t^l 
X  20  =*  o.  Now  Rx  =  6,  W  =  3  tons,  and  the  stress  in  UiUt  ^  +  742  tons.  To  «**??| 
the  stress  in  U\Lt  take  the  center  of  moments  at  A,  and  pass  a  section  cutting  membo*  */«**l 
UiL$,  and  LiLi,  and  cutting  away  the  truss  to  the  right.    Then  assume  the  stiesa  in  ViU^^m 
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ing  from  the  outside  toward  the  cut  sectioiii  and  UtLt  X  70,7  -f  ^1  X  60 
Now  Ri  —  6  tons  and  W  —  3  tons,  and  £/iL»  X  70.7  =  —  120  ft.-tons,  and 
—  K70  tons.  The  other  dead  load  stresses  are  calculated  as  shown. 
mi4  Stresses. — The  live  load  chord  stresses  are  equal  to  the  dead  load  chord  stresses 
*y  8/3«  The  maximum  stress  in  UiLi  will  occur  with  l£>ads  at  Lj,  Lt,  and  L\\  while 
im  Jtress  in  counter  UzLi  will  occur  with  a  load  at  Li  only.  The  maximum  tension 
II  occur  with  all  the  live  loads  on  the  bridge,  while  the  maximum  compression  will 
there  is  a  maximum  stress  in  the  counter  U\Lt\  loads  at  Lt  and  L\\  The  details 
ion  are  shown  in  the  problem. 

Bults. — ^Thc  stress  in  the  counter  £/a£V  and  the  chords  IhUt  and  LaLt'  may  be 
>y  the  method  of  coefficients,  and  will  be  the  same  as  for  a  truss  with  parallel  chords 
^th  of  25'  o".  The  maximum  stress  in  V^Lt  will  occur  with  loads  Lt  and  L/  on  the 
jL  the   left    reaction   equals   2  X  3P/5  -  ^P*     The   stress   in   UtLt    =  —  Jf-sec^ 


I 

bblem. 


Maxdcum  and  Minimum  Stuesses  in  a  Through  Wahren  Truss  by 

GfiAPHic  Moments. 


»b1em, — Given  a  through  Warren  truss,  span  140'  o"*  panel  length  20'  o",  depth 
ri  lead  800  lb.  per  lineal  foot  per  truss,  Hvc  load  1,200  lb.  per  lineal  foot  per  truss, 
be  maximum  and  minimum  stresses  by  graphic  moments.  Scale  of  truss,  1"  =  20'  o". 
Ids,  I*'  -  50,000  lb. 

»tbods«  Chord  Stresses. — Calculate  the  center  ordinate  of  the  parabob  —  tf*£*/8d 
^.,  atict  (ay  it  off  at  5  to  the  presto  ri  bed  scale.  Now  lay  off  the  vertical  line  t-5  at  the 
jht  abutments.  Make  1-2  =  2-3  —  3-4  =  2  (4-5)*  Draw  the  inclined  lines  I-5, 
'"5*  5^5'  ^^^  intersections  of  these  lines  with  verticals  let  drop  from  the  lower  chord 
fKjinr^  la  the  stress  parabola  for  the  upper  chord  stresses.  The  stresses  in  the  lower 
netical  means  of  the  stresses  in  the  upper  chords  on  each  side.  By  changing 
b  id  stresses  may  be  scaled  dirc?ctly  from  the  diajjram. 

y£Si€s.—At  the  distance  of  a  panel  to  the  left  of  the  left  abutment  lay  off  the  vertical 
lat  to  one-half  the  total  live  load  on  the  truss,  to  the  prescribed  scale,  equal  1,200  X  70 
H.  Now  dinde  the  line  i-^  into  as  many  equal  parts  as  there  are  panels  in  the  truss, 
Ihe  points  of  division  2,  3,  4,  etc.  Connect  these  points  of  divi.^ion  with  the  panel 
f  first  iMncl  jK>ini  to  the  left  of  the  right  abutment.  Drop  verticals  from  the  panel 
ic  lower  chord  of  the  truss  to  the  line  i-^,  and  the  intersections  of  like  numbered  lines 
Mnts  on  the  curv^  of  maximum  live  load  shears. 

Istruct  the  dea<l  loatl  shear  diagram,  lay  off  3 IF,  downward  to  the  prescribed  scale 
tit  abutment,  and  reduce  the  shear  under  each  Itsad  to  the  right  by  U\  until  the  dead 
is  —  3W  at  the  right  abutment.     The  dead  load  shear  diagram  is  then  constructed  as 

';  '  ■'  IVeh  Stresses. — The  maximum  shear  in  any  panel  is  then  the  ordinate 

f  t  on  the  left  end  of  the  piinel,  and  the  stresses  in  the  web  members 

T  .iui  s  parallel  to  the  correspcmding  member  as  shown.     Positive  stresses 

r  !-  from  the  live  load  shear  curve,  and  negative  stresses  are  measured 

id  shear  curve. 

Its. —  1  his  method  is  an  excellent  one  for  illustrating  the  effect  of  the  different 

lotids.  but  consumes  too  much  time  to  be  of  practical  use.     It  should  be  noted  that 

m  (ordinate  to  the  chord  parabola  is  not  a  chord  stress  in  a  Warren  truss  with  an 

ol  {Xinels. 


■ 


Maximum  akd  MiNiMtrM  Stresses  in  a  Petit  Truss  by  Algebraic 

Moments, 

fohlem. — Given  a  Petit  truss,  span  350'  o",  panel  length  25'  o'',  depth  at  the  hip 
Mb  at  center  58'  o'\  dead  load  0.9  tons  per  lineal  foot  per  truss,  live  load  1.4  tons  per 
jtcf  truis.  Calculate  the  maximum  ana  minimum  stresses  due  to  dead  and  live  loads 
IC  moments.  Scale  of  truss,  i''  =  40'  o'^  Scale  of  lever  arms,  any  convenient  scale. 
ethod^. — •<'onstruct  a  truss  diagram  carefully  to  scale  as  shown.  Construct  one- 
M  a  large  piece  of  paper  and  calculate  the  lever  arms  as  shown,  and  check 

im.     The  methods  of  calculation  will  be  shown  by  two  examples: 

'/-/,     Dead  Load  Stress.— P^ss  a  section  cutting  members  J-X,  6-7,  and 

ig  a«*ay  the  truss  to  the  right.     The  center  of  moments  will  be  at  .4,  the  inter- 

-X  and  6-K.     Now  assume  the  stress  in  6-7  as  an  external  force  acting  from 

the  cut   section.    Then   for  equilibrium   6-7  X  477.0  +  i£i  X  575  —  ^W 
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X  625  =  o.  Now  Ri  =  146*25  tons  and  W  =  22,5  tons,  and  solving  the  equation  givei 
^7  =  —  87-8  tons. 

Live  Load  Stresses* — The  maximum  live  load  stress  in  6-7  will  cxxrur  with  the  lorgtr  ** 
of  the  truss  loaded.  Taking  moments  about  point  A  as  for  the  dead  loads  the  nKiximix 
load  stress  6-7  X  477*0  -f  /^t  X  575  *=  «•  ^'t>w  i^j  =  55/*4  X  35  tons  -  137*5  totib,  di 
stress  in  6-7  —  —  165-8  tons. 

The  minimum  live  load  strt^ss  in  6-7  will  occur  with  the  shorter  segment  of  the  inii 
Taking  moments  about  the  point  -4,  6-7  X  477.0  -f  Ri  X  575  —  3-P  X  625  »  o.     Now  if, 
tons,  ?*  =  35  tons,  and  strt^ss  in  6-7  ==  +29.1  tons. 

2.  Stresses  in  Tie  4-7.  Deud  Load  Stress. — Pass  a  section  cuttinjf  members  J-X,  4-j,  4-^ 
and  5-K,  and  cutting  away  the  tru&s  to  the  right.  Now  assume  the  stress  in  4-7  as  an  cxtei 
force  anting  from  the  outside  toward  the  cut  section.  Then  for  equilibrium  about  the  point  A 
stress  J.-7  X  477.0  -f  ifi  X  575  ~  stress  4-5  X  442.0  —  2W  X  612,5  =  o.  Now  the  mrmli 
4-5  will  carr>'  one-half  the  load  carried  by  5-6,  and  the  stress  equals  1/2  X  22.5  X  M14 
4-  15,9  tons.     Ri  =  146.25  tons,  and  2 IF  -  45  tons.     Then  stress  4-7  =  —  103.6  tons. 

Live  Load  Stresses. — The  maximum  live  load  stress  in  4-7  will  occur  with  the  longer  scgrocfl 
loaded.     Taking  moments  about  -4  as  for  dead  loads,  stress  4-7  X  477.0  -f  J?i  X  575  — 
4-5  X  442-0  =  o.     Now  stress  4-5  =  H-  24.8   tons,   and    Ri  =  66/14  X  35  =  165   tons, 
stress  4-7  =  —  175.7  tons.  ...  .  ,_ 

The  minimum  live  load  stress  In  4-7  will  occur  with  two  loads  to  the  left  of  the  panel.     T^kiii| 
moments  ab<iut   the   point    A,  the   stress  4-7  X  477-0  +  i?i  X  575  —  2P  X  612.5  ^  o     ^'' 
Rx  —  62.5  tons  and  2P  =^  70  tons.     Then  stress  4-7  =  +14.5  t'^ns. 

The  stresses  in  the  members  in  the  first  and  second  fxincls  and  in  the  two  middle  panel 
may  be  calculated  by  coefliciiints.     Chtfck  up  the  dead  load  chord  stresses  by  comparing 
the  stresses  obtained  by  graphic  resolution  in  Problem  2. 

(c)  Results,-— The  auxiitar>^  memliers  carry  the  stresses  directly  toward  the  abutineitt 
there  is  no  ambiKuity  of  loading  as  in  the  case  of  a  truss  subdivided  as  in  Problem  6.     H 
the  raetbxl  of  subdividing  shown  in  Problem  6  is  used  in  preference  to  that  shown  in  this  pi 
The  Petit  truss  is  quite  generally  used  for  long  span  pin-connected  highway  and  railway  bridi 

Problem  10.    Live  Load  Stresses  is  a  Thuough  Pratt  Truss  roR  Coopkr's  E  60 

Loading. 

(a)  Problem. — Given  a  Pratt  truss,  span  165' o",  panel  length  23' 61",  depth  30' cr". 
load  Cooper*s  E  60  loading.  Calculate  the  position  of  the  Ifjtids  and  the  maximum  and  min* 
stresses  tiue  to  the  prescribed  loading  by  algebraic  moments.     Scale  of  truss,  i'^  =  25'  o" 

(6)  Methods.  Chord  Stresses. ^Calcnkite  the  position  of  the  wheels  for  a  ma.ximum  1 
moment  at  the  different  joints  in  the  lower  chord.  The  criterion  for  maximum  bending  mn 
at  any  joint  in  a  Pratt  truss  h,  "  the  average  load  on  the  left  of  the  section  must  be  the  '. 
as  the  average  li»ad  on  the  entire  bridge.*'  Having  determined  the  wheel  that  is  at  the  jo' 
a  maximum  moment,  calculate  the  maximum  bending  moment  as  shown  Having  caica 
the  maximum  l>ending  moments,  the  chord  stresses  are  found  by  dividing  the  bendmg  mo 
by  the  liepth  of  the  tru*^.     The  moment  diagram  is  given  in  Table  \'h,  Chapter  l\\ 

IVcb  Stresses. — CTalculate  the  position  of  the  wheels  for  maximum  shears  iv   »h'    ^**Tci 
panels.     The  criterion  for  maximum  shear  in  a  panel  is,  **  the  load  on  the  panel  ; 
load  on  the  bridge  divided  by  the  number  of  panels."     The  criterion  for  maxi 
moment  at  L;  is  the  same  as  the  criterion  for  maximum  shear  in  panel  LqLt.     Having  ( 
mined  the  position  of  the  wheels  for  maximum  shears  in  the  different  panels^  cdlculjtf  fhf  1 
mum  shears  as  shown.     The  stress  in  a  web  is  equal  to  the  shear  in  the  panel  mult 

Fioorbeam  Reaction. — The  stress  in  the  hip  vertical  U\L\  is  equal  to  the  maxi: 
reaction.     This  is  calculated  as  follows:  Take  a  simple  beam  with  a  span  equ.  ' 
panel  lengths  and  calculate  the  maximum  bending  moment  at  the  point  in  the  i 

to  the  panel  point:  in  this  case  it  will  be  the  center  of  the  span.     This  bendinji;  >..  pj 

by  the  sum  of  the  panel  lengths  divided  by  the  product  of  the  panel  lengths  will  Ix*  the  maxii 
floorbcam  reaction;  in  this  case  the  maximum  bending  moment  at  the  center  will  be  inultij 
by  2  divided  by  the  panel  length. 

{e\  Results. — When  the  maximum  stresses  occur  in  chords  U%U%,  U»Ui'  &n^  LtLt.i 
UiLi  is  in  action.     It  occasionally  happ>ens  that  there  is  more  than  one  position  of  the  1 
that  will  satisfy  the  criterion  for  maximum  bending  moment.     In  this  case  the  momcitufof< 
loading  must  be  calculated. 

Problem  11.    Stresses  in  the  Portal  of  a  Bridge  by  Algebraic  Moiifiyrs  4Jfl> 

Graphic  Resolution, 

(a)  Problem. — Given  the  portal  of  a  bridge  of  the  type  shown,  inclined  height  3^^*^^ 
to  center  width  15'  o",  load  R  =  2.000  lb.,  end-posts  pin-connected  at  the  base.    Calai»U  cArJ 
stivsses  by  ^Igcbraiic  moments  and  check  by  giaphic  m^jlution.     Scales  as  shown. 


■MiAir^i 


STRESSES   IN   BRIDGE  TRUSSES. 


^ods,— Now  n  =  H*  ^  i,ooo  lb,      V  =  -    K',  and  by  taking  moments  about  B, 
5, Of »t»  15  ^  4,000  lb.  =  —  V, 

fits,— 'In  piissing  sections  care  should  be  used  to  avoid  cutting  the  end-posts 
'lese  niemljcrs  art?  subject  to  bending:  stresses  in  addition  to  the  direct  stresses. 
ciir  T,tn»ss  in  member  3-F  take  the  center  yf  moments  at  joint  (i)  and  pass  a  section 
abeni  4-^,  3-4  anel  j-V,  and  cutting  the  portal  away  to  the  left  of  the  section.     Then 
^-Y  as  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  y-Y 
I    //  X  30'  "  o.     The  stress  in  3-K  *  —  6,710  lb.     The  remaining  stresses  are 
Mown, 
.c-    Kestdulwn. — Lay   off   a- A  -  A-b  -  H  =  1,000  lb.,  and    A-Y  ~  V*  —  4,000   lb, 
ming  at  point  B  in  the  portal  the  force  ptjlygun  for  equihbrium  is  a-^4-F-i'-a,  in 
\%  the  stress  in  the  auxiliary  memlx^r  i-a,  ancf  Y-l'  is  the  stress  in  the  post  i-Y  when 
i-v'  me^mlier  ts  acting.     The  true  stress  in  t-Y  is  equal  to  the  algebraic  sum  of  the  vertical 
t'-a  and  Y-t\  and  equals    V  =  —  4,000  lb.     Next  complete  the  force 
ri  of  the  auxiliary  members.     Stress  I'-a  h  known  ami  the  force  triangle 
t  '( . .  -  UK  \  Ing  as  shown.     The  strctss  diagram  is  carried  through  in  the  order  shown, 
he  point  .1-     The  correct  stresi§es  are  shown  by  the  full  lines  in  the  stress  diagram, 
in  3-2  will  produce  equilibrium  for  vertical  stresses  at  joint  (1)  as  shown.     The 
imum  shear  in  the  posts  is  //  =  i  ,000  lb.     The  maximum  bending  moment  in  the  posts  will 
iir  at  the  font  of  the  member  3^K,  joint  (3),  and  is  A/  —  1,000  X  20  X  12  -  240,000  !n.*lb* 
'=^. — The  method  of  graphic  resolution  requires  less  work  and  Is  more  simple  than 
Ugcbraic  moments. 
»fr;    1  nv  fx^rtal  is  not  pin-connectetl  at  joints  (3)  and  the  corresponding  Joint  on  the  oppo- 
L%  as  might  be  inferred  from  the  figure. 


PaoBLBM  13,    WiKD  Load  Stresses  in  a  Trestle  Bent. 

fa)  Problem. — Given  a  trestle  Ixmt,  height  45'  o",  width  at  the  base  30'  o",  width  at  the  top 
'    wuv]  \n2'U   Pa,  Pi,  Pi,  Pu  Pi*  as  shown.     Calculate  the  stresses  in  the  members  of  the 
ids  by  aigel>raic  moments,  and  check  by  calculating  the  stresses  by  graphic 
that  the  diagonal  members  are  tension  members,  and  that  the  dotted  members 
for  the  wind  blowing  as  shown.     Scale  of  truss,  i"  =  10'  o".     Scale  of  loads, 

I^^^Alzebmic  Moments. — To  calculate  the  stresses  in  the  diagonal  members  take 
11'  about  the  point  .4,  the  point  uf  intersection  of  the  incHned  posts.     Then  to 
'  r -^^  in  3-4,  pass  a  section  cutting  memhi-rs  3^ A',  3-4  and  4- K;  assume  that  the 
3-4  is  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  3-4  X  15,9' 
i_X  19.3'  +3.000  X  iK^i'   ^  o.     The    stress   3-4  =  —  5,800    lb.     Stresses   in   4-5,   5-6, 
tod  &-Z  are  calculatc*cl  in  a  similar  manner.     To  obtain  reaction  Rx  take  moments  about 
Dfj  X  30'  -  2,000  X  15'  -  2.o«o  X  30*  ~  3.000  X  45'  -  3'000  X  53'  =  o.     Then    Rt 
-  -  i?,. 
tilitc  the  stress  in  4-  Y,  take  center  of  moments  at  joint  Pi,  and  pass  a  section  cutting 
\-S  a^nd  4-K,  and  assume  the  stress  in  4-Y  as  an  external  force  acting  from  the 
the  cut  Bection.     Then  4-7  X  15^6'  —  3,000  X  15'  —  3.000  X  23'  ==  o.     Then 

Vim. — The  load   Pa  is  assumed  as  transferred  to  the  bent  by  means  of  the 

The  loads  Po,  P\,  Fj,  Pi,  P*  arc  laid  off  as  shown,  and  with  the  load  Pp  the 

]  -X-7  is  drawn.     The  remainder  of  the  solution  is  easily  followed* 

fs*— The  stress  in  the  auxiliary'  member  2-Y  acts  as  a  load  at  the  top  of  post  4-F, 

'  '      i  «»n  the  train  and  is  transferred  to  the  rails  hy  the  car.     For  the  reason 

I  V:  from  the  opposite  direction,  both  sets  of  stresses  must  be  considered  in 

ii..  ....  v..ad  and  live  load  stresses  in  designing  the  columns. 


564 


STRUCTURAL   MECHANICS. 


Chap. 


2  .9 


STRESSES   IN   BRIDGE  TRUSSES* 


566 


STRUCTURAL   MECHANICS. 


©ridge  Analysis.  o^cU  DoHimore  Truss.  Problem  5  . 

Hoy.,  and  riin-^tres^e^.  Algebraic  Re&olyfion, 


•    Coclfor  Dead  Lood,and  Live  Load  for  Chords. 


MQximum  Web  Coeff icien-te.  Minimum  Web  Coefficients* 

0.«4ew7«  (^4eTS  D14787S  Di.«7B.75  a«5575   &^95.T5  &-»9^75  -frBMlOO-^ZSaOO  ttS^LOO  ^tiaOO  ^£1000  4VMXO0  tlftOa 


Live  and  Dead  Load  sStressea-  ^-2*0.00    ^^^^^  o*^d  M«n.^tre5se*. 

^5pQn»L,«£eo'-oV  6ec6-i.4t     *  90.00    Deod  Lood«.d79Ton&  p«rlin.ft  p.tt 

Pancl,U»«o'-o'!  ton  ©-^v.oo.  Live  Load  ■.  tt»T  p«f  lin.fl  pert  ru46. 

Dep+H,d,-^o'-o?  ^tresaes  In  Tons, 


Bridge  Ana lyal3* 


Baltimore  Truss. 

Algebrar'c    Resolution. 


Problem  6 

Span  520* 


Dead  L  oad  Coefffchnfs .  Dead  L  &ad  5f regies  in  Tons.    w/p'Jw/^^^ 


/?/ 


MaKi'murrt  —  U^e  toad  Web  Coeffkltnfs  *  fifmrnun^ 
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CHAPTER  XVII. 
The  Design  of  Steel  Details* 

IntroductioiL — ^The  design  of  any  structure  involves  the  design  of  the  different  members 

kid  the  cooncctions.     In  this  chapter  the  design  of  the  various  steel  details  will  be  considered  as 

llJly  and  completely  as  the  limited  space  permits.     The  design  of  the  members  and  details  of  a 

peel  structure  are  governed  by  the  specifications  for  the  particular  structure.     Reference  will 

i  nude  by  section  and  page  to  the  various  specifications  in  thi!»  book. 

MEMBERS  Ilf  TENSION. — Several  different  methods  for  making  end  connections  of  bars  are 

Loop  Bars,  (a)  Fig.  i,  are  used  for  lateral  bracing  on  highway  bridges,  buildings 

5,  with  turnbuckles  or  sleeve  nuts*  to  make  them  adju^able  as  shown  in  Tables  92  and 

Jl  tables  numbered  with  .\rabic  numerals  are  in  Part    11.)     Clevises,  (b)  Fig,  i,  are  used 

'-  the  ends  of  bars  used  as  lateral  bracing  on  highway  bridges  and  on  buildings.     The  pin 

ay  be  cither  a  cotter  pin  as  shown  in  Table  96*  or  a  bridge  pin  as  shown  in  Table  95.     Ordinary 

^tAn»  (f )  Fig,  1 1  are  used  prinri(>ally  for  lower  chorda  and  main  ties  on  bridges.     Data  for  eye* 

tare  given  in  Table  91  -     Counters  are  made  of  adjustable  eye-bara  as  shown  in  Table  91. 

I  lateral  plates  or  skew-backs,  (d)  Fig.  i ,  are  used  to  secure  the  ends  of  bottom  lateral  rods 


{a)  Loop. 


lb)Clevi3, 
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(e)  TopLBteralor  l^P/ste, 
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000 


UMIhU 
|o    Q 
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(c)fye 


)  Botiom  Utersl  Plate 

or  Skewback.  (F)  Cooper  Hitch.  fh)  Beveled  Washer,  CaUlro/f, 

Fig.  I.    Details  of  Tei^sion  Memders. 

bridge*  and  arc-  shown  in  Table  121.  Top  lateral  plates  or  U-plates,  (<r)  Fig.  1,  afc^ 
'lop  lateral  connections  on  highway  bridges  and  for  lateral  bracing  on  buildings,  highway 
hand  towers,  see  Table  122.  The  Ci>oper  hitch  has  the  same  uses  as  the  top  lateral  plate. 
gle  as  shown  in  (f )  Fig.  1  is  used  for  end  connections  for  light  bars  in  buildings  and  towers, 
bit  12a.  Cast  iron  bevelcHl  wasliers,  (A)  Fig.  1,  arc  used  for  end  connections  of  diagonal 
»  Tablr  120.  The  ends  of  bars  should  be  upset  as  shown  in  Tables  89  and  90.  so  that 
in  the  threads  will  be  greater  than  the  strength  of  the  main  body  of  the  bar.  The 
i  of  lie  rods  for  beams  arc  shown  in  Table  105. 
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In  selecting  bars  in  tension  the  area  is  determined  by  the  formula: 

where  A  is  the  required  area,  P  the  total  tension  in  the  bar  and  ft  the  allowable  unit  tensile  8trc«» 
The  following  problems  are  given  to  illustrate  the  use  of  the  tables  in  selecting  the  details  for 
bars,  etc. 

Loop  Bar. — Select  a  loop  bar  to  carry  a  tensile  stress  of  48,000  lb.,  one  end  passing  around  a 
3  in.  pin  and  the  other  end  around  a  3^^  in.  pin,  the  center  to  center  distance  between  pins  beifl| 
30'  o". 

/?^/fr<mc«.— Specification  §  8,  p.  55;  §  33,  p.  57;  §  84,  p.  60;  §  91,  p.  61;  §  104,  P-  61;  §  io«, 
p.  62;  §  116,  p.  62;  §37.  p.  141;  §49.  P-  142;  §61,  p.  142;  §  14,  p.  206;  §36,  p.  206;  §15,  p.  209; 
§  36,  p.  210;  §  230,  p.  363;  §  8,  p.  379;  §  42,  p.  381;  §  28,  p.  385. 

Solution. — Using  an  allowable  unit  stress  of  /<  —  16,000  lb.  per  sq.  in.,  the  area  required  ist 

.       P      48,000 

A  =  -T  =  -4 =  3.00  sq.  in. 

ft      16,000      ^       ^ 

A  bar  i^  in.  square  has  an  area  of  3.06  sq.  in.  (Table  6),  and  a  2  in.  round  bar  has  an  area  of  5.14 
sq.  in.  (Table  6).  Either  bar  could  be  used.  Using  the  i%  in.  square  bar  the  additional  lengdi 
required  to  pass  around  a  3  in.  pin  is  i'  11"  (Table  92),  and  for  a  3  J^  in.  pin  is  2'  i",  making  it 
necessary  to  add  4'  o"  to  the  center  to  center  distance  of  pins  to  obtain  the  total  length  of  bar. 

If  a  turnhuckle  is  used  the  upset  required  on  a  i  ^  in.  square  bar  is  2^  in.  in  diameter  and  5H 
in.  long  (Table  89),  requiring  4}^  in.  extra  material  to  make  each  upset,  or  9  in.  for  the  two  op* 
sets.  The  weight  of  a  turnbuckle  for  a  2  ^'^  in.  screw  is  25  lb.  (Table  94).  The  clearance  betweei 
the  ends  of  the  screws  for  all  turnbucklcs  is  5  in.  (Diagram  at  top  of  Table  92). 

The  total  length  and  weight  of  the  l%  in.  square  bar  is  therefore: 
c.  to  c.  of  pins,  less  5  in.,  =  29'  7"  of  i  J^  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  =  308.ofc 
Material  for  2  loops          =    4'  o"  of  1%  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  =    4l.6fc 
Material  for  2  upsets        =    o'  9"  of  1%  in.  square  bar,  ®  10.41  lb.  per  ft.  (Table  6)  =     7-8^ 
One  Turnbuckle  @  25       lb.  (Table  94)  =    25-0^ 

Total  Length  =  34'  4"  Total  Weight  « 3824^ 

If  a  sleeve  nut  is  used,  instead  of  a  turnbuckle,  its  weight  for  a  2j^  in.  screw,  is  19  lb.  (Table 
94).  The  clearance  between  the  ends  of  the  screws  is  3  in.  for  all  sleeve  nuts  (Diagram  at  the  top 
of  Table  92). 

The  total  length  and  weight  of  i  J4  in.  square  bar  when  a  sleeve  nut  is  used  is  therefore: 
c.  to  c.  of  pins,  less  3  in.,  =  29'  9"  of  184  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  -  309.8 Dfc 
Material  for  2  loops          =    4'  o"  of  i^i  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  =■    41.6^ 
Material  for  2  upsets        =    o' 9"   of  1%  in.  square  bar,  @.  10.41  lb.  per  ft.  (Table  6)  =     1-^^ 
One  sleeve  nut  @  19       lb.  (Table  94)  -    iQ-g^^ 

Total  Length  =  34'  6"  Total  Weight  =  378*211^ 

Bar  with  Clevises. — Select  a  bar  to  carry  a  tensile  stress  of  48,000  lb.,  the  ends  to  be  bdd 
by  clevises,  the  distance  center  of  pins  being  12'  o". 

References. — Same  as  for  loop  bar,  also  §  41 ,  p.  58;  §  39,  and  §  41,  p.  141 ;  §  17,  §  18,  and  §  I9i 
p.  209. 

Solution. — Using  an  allowable  unit  stress  o(  ft  =  16,000  lb.  per  sq.  in.,  the  area  required* 

.       P      48,000 

i4  =  -p-  =  -^7 =  3.00  sq.  m. 

ft      16,000      *^       ^ 

A  bar  i  H  in.  square  has  an  area  of  3.06  sq.  in.  (Table  6),  and  a  2  in.  round  bar  has  an  area  of  3.14 

sq.  in.  (Table  6).     Either  bar  could  be  used.     Using  the  i%  in.  square  bar  a  No.  6  clews » 

required  (Table  93). 
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^^fpiti  required  by  shear  and  moment  can  be  ol>tained  from  the  lower  (>art  of  Tabic 
^^■h,  pin  if  the  forks  are  closed,  or  a  3  in^  pin  if  the  forks  arc  used  straight.     The 
^^Hiection  plate  required  by  bearing  when  a  2  in.  pin  is  used,  is  48»ooo  -^  {2.00  X  24,- 
nR  if  a  3  in*  pin  is  used  the  plate  must  be  4d,ocx>  -5-  (3.00  X  24,000)  —  0.66  in. 
eight  of  the  bar  and  two  clevises  is  estimated  as  follows; 

^ig^th  of  the  rod,  allowing  for  clearance,  etc.,  must  be  reduced  by  A  —  J^jJ  in.  =  8  -^  }'^ 
[Tabic  93)  at  each  end,  or  a  total  of  5  X  7H  =  i'  3".     The  diameter  of  upset  for  a 
^tc  bar  is  2H  in**  which  requires  4H  in*  material  to  make  each  upset  (Table  89)^  or  9 
itpeets. 
^1  length  iuid  weight  of  l  ^i  in.  square  bar  is; 

Itis,  leas  1'  3*',  «  ro'  9"  of  i  H  in-  square  bar,  @  1041  lb*  per  ft.  {Table  6)  =  1 1  j.g  lb. 
r  a  upsets  =    o'  9"  of  i  Ji  in.  square  bar^  @  10.41  lb.  per  ft.  (Tabic  6)  =      7.8  lb. 

clevises  ®  26      lb.  (Table  93)  =    52.0  lb. 

%h  ^  U'  6"  Total  Weight  ^  17:7  lb. 

elect  an  eye*bar  to  c^rry  a  tensile  stress  of  190,000  lb.,  with  an  8  in.  pin  at  one 
^H  in.  pin  at  the  other  end,  the  length  center  to  center  of  pins  being  25'  o". 
^'/*— I  33.  P*  57;  4  106,  p.  62;  §  162,  p.  66;  §  37,  p.  141:  §95»  P-  144;  S  H^,  P-  H51 
|>7;  i  I4t  P-  206;  §  36»  p.  206;  '*  Minimum  Bar,"  p.  207;  §83,  p.  207;  §  15,  p.  209; 

i  85,  p.  213;  §  136,  p.  216:  5 162,  p.  218. 
k — Using  an  allowable  unit  stress  of  ft  ^  16,000  lb.  per  aq*  in.,  the  area  required  is, 

.        P      190,000 

^  -  --  -5  -L. _  11.87  so.  m. 

/i       16,000  '  ^ 

\  in.  has  an  area  of  12.00  sq,  in.  (Table  1).     From  Table  91 « the  maximum  thlck- 

^an  S  in.  bar  on  a  6}^  in.  pin  is  2  in.,  and  the  minimum  is  t  in.     (The  value  6)4 

ir  in  the  table  but  it  is  less  than  7  in.t  which  is  the  maximum  pin  which  can  be 

t?fern*d  to  b  used.)     For  an  8  In.  pin  the  maximum  thickness  is  2  in,  and  the 

The  bar  selected  satisfies  these  requirements  a:?  to  thickness. 
ngth  of  bar  required  to  form  a  head  for  a  61^  in^  pin  (die  for  7  in.  pin)  is  2'  8"  for 
ffer,  and  2'  3"  for  estimating  the  weight,  and  for  an  8  in.  pin  3'  o"  and  2'  6'\  respec- 
-90. 
&1  length  and  weight  of  eye-bar  is  therefore:  1 

=  25'  o"  of  8  in.  X  I H  in,  bar  @  40.8  lb.  per  ft.  (Table  2)  =  1020.0  lb. 
»    2'  3''  of  8  in.  X  I  H  in.  bar,  @  40.8  lb,  per  ft.  =      9 1.8  lb. 

•    2' 6^*  of  a  in.  X  I >j  in»  bar,  @  40.8  lb.  per  ft.  ^    102.0  lb. 

-  29'  9"  Total  Gross  Weight  -  12 13.8  lb. 

which  must  Ix:  deducted  for  pin  holes  (Table  6)  is, 

Pin  hole  for  6J^  in.  pin  is  1.5  -7-  12  X  112.8  =  14.1  lb.  ' 

^Fin  hole  for  8  in.  pin  is      1.5  ^  12  X  171*0  =  21.4  lb,  ! 

Total  weight  to  be  deducted  =  35,3  lb, 

f  the  eye-bar  is  then  1213.8  -  35  5  =  l»78.3  **>- 

%n  of  an  eye-bar  subject  to  flexure  due  to  its  own  weight*  see  "Combined  Flexure 
**  in  thit  chapter. 

'Select  an  angle  to  carry  a  tensile  stress  of  40.000  lb.,  using  %  in.  rivets. 

P'  57;  i  3%  P*  571  I  40.  P-  58:  §  79-  P*  60;  §  83,  p.  60;  }  84.  p.  60;  S  85, 

I  104,  p.  61;  i22,  p.  105;  S37.  p.  141;  543,  p.  141;  S60,  p.  142;  S79.  P»  1+4; 

p*  206;  1 26,  p.  206;  i45»  p.  206;  ** Fastening  Angles,"  p.  207;  i  15,  p.  209; 

,  fk  210:  }  57p  P-  210;  {  74.  p.  212;  p.  219;  p.  22y,  i  232,  p.  363;  {  S.  p.  ym. 
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Solution. — If  fastened  by  both  legs  as  in  Fig.  2  the  load  may  be  considered  as  axial  and  the 
required  net  area,  using  an  allowable  unit  stress  of /i  -*  16,000  lb.  per  sq.  in.,  is 


"ft"  16,000 


2.50  sq.  in. 


Try  one  angle  4"  X  4"  X  H".  Gross  area  -  2.86  sq.  in.  (Table  23  or  Table  25).  Net 
area,  deducting  one  J^  in.  hole  for  a  Ji  in.  rivet  «  2.86  —  .33  =  2.53  sq.  in.  (Table  116).  TMi 
angle  will  satisfy  the  conditions.     This  result  can  be  obtained  directly  from  Table  29. 

If  the  angle  is  fastened  by  one  leg  as  in  Fig.  3,  the  load  will  be  eccentric  and  the  problea 
more  difficult.  An  approximate  solution  is  to  consider  only  the  area  of  the  attached  leg  as  effect* 
ive.     The  solution  would  then  be,  as  before 


ft      16,000 


:  2.50  sq.  in. 


O^O^O^O^  ! 


o^'o^o^oy 


Fig.  2.    Angle  Connected  by  Both  Legs. 


Fig.  3.  Angle  Connected  by  One  Lec. 


Try  one  angle  6"  X  4"  X  W  with  6  in.  leg  attached.  Gross  area  of  6  in.  leg  «  6  X  H 
=  3.00  sq.  in.,  net  area  =  3.00  —  .44  =  2.56  sq.  in.,  which  will  satisfy  the  conditions. 

Built-up  Tension  Member. — Design  a  built-up  member  to  carry  a  tensile  stress  of  390^ 
lb.,  using  J4  in.  rivets. 

References.— i  33,  p.  57;  §  83,  p.  60;  §  84,  p.  60;  §  89,  p.  61;  §  90,  p.  61;  §  lOi,  p.  61;  l37t 
p.  141;  §44,  p.  141;  §61,  p.  142;  §75,  p.  143;  §  14  and  §26,  p.  206;  §28,  p.  210;  §38,  p.  210; 
§52,  p.  211;  §  82,  p.  213;  p.  219;  §  II,  p.  382. 

Solution. — Using  an  allowable  unit  stress  oi  ft  =  16,000  lb.  per  sq.  in.,  the  net  area  required isi 


A  = 


ft 


390,000 
=  -  ,       -  =  24.4  sq.  m. 
16,000  T  T  *^ 


Try  4  angles  3V^"  X  3^i''  X  H"  and  2  plates  18  in.  X  H  in.,  as  shown  in  Fig.  4.  Gross ar* 
—  18.00  +  13.00  =  31.00  sq.  in.  Referring  to  Fig.  4,  it  will  be  seen  that  the  section  »-«  istte 
least  section  in  the  body  of  the  member  and  that  four  rivet  holes  should  be  deducted  from  e»di 
side  to  obtain  the  net  section,  giving  a  net  area  of  31.00  —  4.00  —  2.00  =  25.00  sq.  in.,  4.00  sq. 
in.  being  the  area  of  holes  in  the  plates  and  2.00  sq.  in.  being  the  area  of  holes  in  the  angles,  (^ 
ducting  I  in.  holes  for  J^g  in.  rivets.     This  section  has  sufficient  area,  24.4  sq.  in.  being  required 

If  the  ends  of  the  members  are  to  be  riveted  they  should  be  designed  as  outlined  undtf 
"Riveted  Connections  and  Joints"  in  this  chapter. 

If  the  ends  are  to  be  pin-connected  they  may  be  designed  as  follows.  Assume  that  S^i'*' 
pins  are  to  be  used  at  each  end.  The  bearing  area  required  allowing  a  unit  stress  of  24,000  fc 
per  sq.  in.,  is  390,000  -^  24,000  =  16.2  sq.  in.  This  requires  a  total  thickness  of  plates  of  16.2  ♦ 
5.5  =  2.95  in.,  or  1.48  in.  on  each  side.  The  web  plates  are  J^  in.,  the  fill  plates  must  be  at  W 
J^  in.,  the  thickness  of  the  angles  being  H  in.,  and  using  H  in.  outside  plates  the  total  thickiic8B« 
plates  is  1.50  in.,  which  satisfies  the  conditions,  1.48  in.  being  required. 
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Ugh  the  pin  hole  (section  m-m)  must  be  25  per  cent  in  excess  of  the  net 
the  member  according  to  a  common  specification.  It  will  probably  be  nccrcs- 
pji  of  the  pin  hole  and  two  rivet  holes  on  each  side,  the  rivet  holes  being  so 
,  see  Fig.  4.  The  gross  area  through  the  pin  hole  is,  web  plates  2  X  18  X  Vi 
angles  4  X  3.25  =  13.00  sq.  in»»  fill  plate  2  X  tl  X  H  *  n.oo  sq.  in,»  outside 
34  =  17.00  sq.  in.  making  a  total  gross  area  of  59.00  aq.  in*  The  net  area  is 
,  X  1*5  — 4XKX1J4**  36.5  sq.  in.  The  required  net  area  through  the  pin 
5*00  -*  31.3  sq,  in. 

I 


\fr) 


;/7 


I 


000   i^ooo 

C-MXM>^)O0  o 


1^  i^  nP***^^ 


000 


I  o  o  0  o  ol 


Ti 


0  O  O  O  Q. 


L 

Section  n-n 


m 


n 


Fig.  4,    Riveted  Tension  Member. 

he  pin  hole  parallel  with  the  axis  of  the  member  (section  0-0)  must  not 

in  the  bo<iy  of  the  member  (section  n-n)  =  25.0  sq*  in.     The  total 

tfic  nifta!  at  thi^  section  is  1.50  in.  for  each  side     Therefore  the  net  length  back  of  the 

25.00  -5-  2  X  I -50  =  8.33  in.     Assuming  that  not  over  three  rivets  will  come  in  this 

total  length  hack  of  the  pin  hole  must  be  at  least  S,^^  +  3.00  =  n.33  in. 

imber  of  rivets  required  and  the  size  of  pin  plates  is  considered  under  "  Riveted  Connec- 

oltxts." 

ted  Pip«. — Design  an  unrivetcd  Iron  pipe  1 2  in.  in  diameter  to  carry  an  internal 
400  lb.  per  sq.  in. 

il  Mechanics,  Chap.  XM  (Formula  I2a)»  f  -wD  ^  2t;  and  t  -  w^D  -^  if, 
iiess  of  metal*  w  -  unit  internal  pressure,  Z>  =  diameter  and/  the  allowable 
tch  will  be  taken  as  12,000  lb.  per  sq.  in. 
W'D  _   400  X  12 
if    '^  2  X  12,000 
Ilf  COMPRESSION. — The  design  of  compression  members  will  be  shown  by 


t  = 


0.20  lO. 


^jlstgle  Strut.— Select  an  angle  to  carry  a  compressive  stress  of  21,500  lb.     The  length 
^ntcT  of  ciinnections  is  6*  o",  and  both  legs  are  to  be  fastened  at  the  ends,  Fig.  2. 
ff,— Specifications  |  34,  p.  57;  §  39i  P-  57!  S  84,  p.  60;  §85,  p.  60;  S  93,  p,  61; 
i43,  p.  141;  S60.  p.  142;  t  100,  p,  61;  §45,  p.  206;  p.  207;  §  16,  p.  209;  §20,  p,  209; 

I.  p.  3^1;  i  10,  p.  379. 

Jfiing/^  *  16,000  —  70 //r  lb.  per  sq.  in.,  as  the  allowable  unit  stress  and  125  as 
luc  for  the  ratio  /, >,  the  minimum  value  for  r  is  as  follows: 


u  /        6  X  12 

ifr  =  125,  or  r  =*  —  « 

125         '55 


0.58  in. 
^"  angle  will  satisfy  the  requirement  for  l/r  (Table  23).    The  allowable  unit  stress 


—  70  X  -^  «  7,300  lb.  per  sq.  in.     The  area  required  will  be 


^58 


.       P      21,500        '--. 

A    mm   --.   = ^i-     ^  2.95  sq.  Ul* 


langb  3"  X  3"  X  9/16"  is  3.06  sq.  in,,  which  is  auflficient. 
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Many  other  angles  might  be  chosen  but  in  no  case  could  an  angle  smaller  than  3"  X  a''  be 
used,  for  the  requirement  for  Ijr  would  not  be  satisfied.  Larger  angles  will  give  lighter  eectiooi 
and  be  more  rigid.  Any  angle  3H"  X  3H"  has  a  radius  of  gyration,  r,  of  about  0.69  (Table  23), 
giving  an  Ijr  of  about  164,  and  an  allowable  unit  stress  of  about  8,700  lb.  per  sq.  in.  and  requiiim 
an  area  of  2.47  sq.  in.,  which  would  be  provided  by  one  angle  3H"  X  3H"  X  Ji".  The  minimaB 
angle  satisfying  the  //r  requirement  is  found  as  a  guide  in  the  selection  of  sections  but  is  rarely t 
satisfactory  section,  except  for  long  members  with  low  stresses  such  as  lateral  bracing.  Table  41, 
Part  II,  gives  the  safe  loads  for  single  angle  struts  fastened  by  both  legs. 

See  also  §  26,  p.  203;  §  45,  p.  203;  "Fastening  Angles,*'  p.  207;  §  20,  p.  209. 

If  the  angle  is  fastened  by  one  leg  only  as  in  Fig.  3,  the  load  is  eccentric  and  the  problefflii 

more  difficult.     An  approximate  solution  is  to  consider  only  the  area  of  the  attached  leg  as  effect* 

ive.     As  before  the  least  radius  of  gyration  must  be  not  less  than  0.58  in.,  which  corresponds  to  n 

allowable  unit  stress  of  7,300  lb.  per  sq.  in.,  requiring  the  area  of  the  attached  leg  to  be  at  least  2.9$ 

sq.  in.     The  requirement  for  radius  of  gyration  would  be  satisfied  by  any  3H"  X  3"  angle,  but 

to  provide  2.95  sq.  in.  of  area  if  attached  by  the  3H  in.  leg  the  thickness  would  have  to  be  2.95 

■«"  3-50  =  0-85  in.  requiring  a  3J4"  X  3"  X  %"  angle,  which  is  a  very  poor  section  and  would 

be  much  heavier  than  a  section  with  longer  legs  to  satisfy  the  same  conditions,  and. much  lea 

rigid.     The  least  radius  of  gyrations  of  any  5"  X  3H"  angle  is  about  0.76  in.  (Table  24),  and  the 

allowable  unit  stress  will  be 

72 
/e  =  16,000  —  70  //r  =  16,000  —  70  X  -f-g  =  9,370  lb.  per  sq.  in., 

requiring  an  area  of  the  attached  leg  of 

.       P      21,500 
i4  =  7-  =  — ^^—  =  2.30  sq.  in. 
/«       9.370  ^    "^ 

2  ^o 
which  would  be  provided  by  a  5"  X  zVi"  angle  of  thickness  equal  to-^  «■  .46  in.    An  ugl 

5"  X  3^2"  X  }'2"  could  be  used  with  the  5  in.  leg  attached. 

Double  Angle  Strut. — The  member  a-h  V\^.  5  is  to  consist  of  two  angles  back  to  back  sepa- 
rated by  3  8  in.  connection  plates  at  the  ends  and  washers  Jg  in-  thick  in  the  body  of  the  member. 
Design  for  a  compressive  stress  of  50,000  lb. 

References,— %  34,  p.  57;  §  84,  p.  60;  §93,  p.  61;  §  100,  p.  61;  §38,  p.  141;  §60,  p.  142;  §45. 
p.  206;  §  16,  p.  209;  §  20,  p.  209;  §  231,  p.  363;  §  10,  p.  379. 

Solution. — Using  /«  =  16,000  —  70 /r  lb.  per  sq.  in.  as  the  allowable  unit  stress,  and  125  m 
the  maximum  value  for  the  ratio  />,  the  minimum  value  for  r  is  found  as  follows 

,,  /         8  X  12 

Ir  =  125,  or  r  = = =  0.77  m. 

^  125  125  '' 

The  lengths  about  axes  X-X  and  Y-  Y  are  equal,  so  that  for  a  well  designed  member  the  radi 
of  gyration  about  the  two  axes  should  be  as  nearly  equal  as  practicable.  This  condition  is  sa»- 
fied  by  using  angles  with  unequal  legs,  short  legs  turned  out. 

A  member  composed  of  two  2}/^"  X  2"  angles,  ?«  in.  back  to  back,  with  short  legs  turned 

out  will  have  a  least  radius  of  gyration  of  about  0.78  in.  (Table  40),  the  value  for  axis  X-X  beiiif 

about  0.78  in.  and  Y-Y  about  0.95  in.     The  allowable  unit  stress  is  then /«  =  16,000 -7<^^' 

^  8  X  12  ,,  .  .  .  ^ 

=  16,000  X  -t-Zq     =  7.390  lb.  per  sq.  m.,  requiring  an  area  of 
0.70 

.        P      50,000      ,    , 
A  =  -y  ^  -  — ^ —  =  6.76  sq.  in. 
fc       7.390  ^ 

This  area  cannot  be  supplied  by  two  2}/^"  X  2"  angles,  but  even  though  it  could,  )ar^ 
angles  would  be  more  economical  as  well  as  more  rigid.     The  minimum  angle  satisfying  the  // 
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so  as  to  guide  in  the  selection  of  angles  but  is  rarely  a  satisfactory  secdon, 
;  member  with  tow  stresses^  such  a^  lateral  bracing. 

I  4"  X  3"  with  the  short  legs  turned  out.  %  in.  back  to  back.     From  Table 
I'ltot  for  any  thickness  the  least  radius  of  gyration  will  I>e  about  the  axis  X-X,  and 

8  X  12 
la.,  ^vtng  an  allowable  unit  streaa  of  /^  =  16,000  —  70  X       ^     "^  10,670 

'hich  requires  an  area  of  50,000  t-  10,670  =  4.68  sq,  in*  The  area  of  2  angles 
4.96  sq.  in.,  which  will  satisfy  the  conditions.  If  the  estimated  radius  of  gyra- 
closely  enough  with  the  actual  radius  of  gyratiofi,  another  calculation  should 
IS  not  often  necessary. 

of  the  washers  should  be  such  that  the  Vf  of  one  angle  between  the  washers  is  not 

76.3  X  .64  «  48.7  in., 
(Table  24),     One  washer  in 


8  X  12 

I  l/r  for  the  whole  member,  or  i/f  «=         ,     >•  76.2,  I 


radius  of  gyration  of  one  angle  4' 
iU  be  Bufficieat. 


1*26 

X3'^ 


X  H'' 


ad  bd 


Fta  5,     DoLBLE  Akgle  Stkut. 

?  two  axes  are  different,  as  is  often  the  case  in  rrwif  trusses  and  portals,  the 
pefor  //r  should  be  used,  the  corresponding  length  and  radius  of  g^'ration  being  taken; 
I^Hesigning  the  member  h-d,  Fig.  5,  as  a  strut  the  length  corres;x>nding  to  the  axis 
P^^nd  to  the  axis  X-X  is  6'  o".  To  make  an  efficient  member  the  long  legs  should 
Itlind  ft  should  be  equal  to  2  X  r#. 

I  allowable  values  of  ft  and  r»  are  found  as  follows, 


,,  /,        6  X  12  ., 


U  = 


1^5 


12  X  12 

125 


1,15  m. 


\  it  18  seen  that  atiy  2)4"  X  2"  angle  with  long  legs  turned  out  and  H  in.  back 
ftllest  angle  which  will  satisfy  the  requirements  for //r,  r,  «  0.58  in.  and  r^  =*  1,26 
lvalues  for  />  are  124  and  114,  respectively,  124  being  the  greater.   .The 
t  ts  then 

fc  «  16,000  —  70  X  124  =  7»^o  lb.  per  sq,  in. 

;  b~€  Is  the  same  aa  that  in  c-d,  19,000  lb,  compression,  the  required  area  is, 

i9«ooo 


-;. 


7-320 


'  2.60  sq.  in. 


by  2  angles  2W  X  2"  X  5/t6".  having  r,  «  0.58  in.,  and  r„  »  1,26  in, 
stresses  in  6-<r  and  c-d  are  not  equal  proceed  as  above  and  design  for  the 
I  upacing  of  the  washers  should  not  be  greater  than,  /  =  124  X  0.42  =  52,1  in., 
!  leaist  radius  of  gyration  of  one  angle  2^*'  X  a"  X  5ii6'\ 
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If  the  controlling  stress  were  38,000  lb.  compression,  the  required  area  for  ayi"  X  a"  angb 
would  be 

.       P     38,000 
il  ■»  7-  ■- =  5.20  sq.  m. 

which  could  not  be  supplied  by  two  2H"  X  2"  angles,  so  that  two  3H"  X  3"  angles  will  be  used 
for  which,  r,  =  0.90  and  r^  —  1.66  for  J^  in.  back  to  back,  the  values  of  l/r  are ->  80  and 

^      =  86.8,  respectively,  and  the  allowable  unit  stress  is,  /«  —  16,000  —  70  X  86.8  »  9.930 

lb.  per  sq.  in.,  requiring  an  area  oi  A  ^  30,000  +  9,930  «  3.83  sq.  in.,  which  will  be  furnished 
by  two  angles  3)^"  X  3"  X  5/16".  The  spacing  of  the  washers  should  not  be  greater  than, 
/  =  86.8  X  0.63  «  54.6  in.,  0.63  in.  being  the  least  radius  of  gyration  of  one  angle  3H"  X  3' 
X  5/16".  These  results  may  be  obtained  by  the  use  of  Tables  43, 44  and  45,  from  which  it  is  s 
that  the  allowable  stress  in  a  member  composed  of  two  angles  3)^"  X  3"  X  5/16"  about  an 
i-i  (K-IOi  the  length  being  12'  o",  is  38,000  lb.,  and  about  axis  2-2  (X-X),  the  length  being  6'o", 
is  40,000  lb.,  and  the  allowable  load  will  be  38,000  lb. 

Two  Angles  Starred. — Design  a  member  consisting  of  two  angles  starred,  as  in  Fig.  6,  to 
carry  a  compressive  stress  of  30,000  lb.,  the  length  to  be  15'  o"  center  to  center  of  connections. 

References, — S  34,  p.  57;  §  84,  p.  60;  §  100,  p.  61. 

Solution. — Using  125  as  the  maximum  value  of  //r,  and  f«  ■-  16,000  —  70  l/r  lb.  per  sq.  in. 
as  the  allowable  unit  stress,  the  minimum  allowable  value  of  r  is  found  to  be 


,/  /        15  X  12 


W^. 


h?"'! "~ZI 

T  V  T 


oooj 


^ 


3-9  3'9    '      •        3-9       \     3-9  ;        Sect/on  m-m. 

[^. /siq'/^ _^ 

Fig.  6.    Two  Angles  Starred. 

From  Table  67  it  is  seen  that  4"  X  4"  angles  are  the  smallest  equal  leg  angles  that  can  be 
used,  and  that  r  will  be  about  1.56  in.,  and  the  allowable  unit  stress  is 

fc  =  16,000  -  70  X  -^,"-^  =  7.920  lb.  per  sq.  in., 

which  requires  an  area  of 

.       P      30,000 
^  -  7:  =77920-- 3-79  sq..n. 

The  area  of  two  angles  4"  X  4"  X  W  is  388  sq.  in.,  and  r  -  1.57  in.,  which  will  satisfy  the  condi- 
tions.    The  batten  plates  must  have  a  spacing  of  not  more  than 

/-^^^^Xo.79-75in.-6'3"; 

the  value  of  0.79  in.  being  the  least  radius  of  gyration  for  one  angle  4"  X  4"  X  H"  (Table  23)- 
Convenience  in  detailing  may  make  it  advisable  to  make  /  much  less  than  6'  3".    A  spadng  of 
.  3'  9"  wals  used  as  shown  in  Fig.  6. 
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ad  Angle  Column. — Design  a  plate  and  angle  columa,  Fig.  7,  to  carry  an  axial  load  of 
K»,  the  unsuppuried  lenj^lh  being  16'  o". 
fcf^^iscrs.— §  34,  p,  57;  4  3«.  P  57;  §79.  P*6o;  §  94,  p.  61;  §96,  p,  61;  §100,  p.  61;  5iH» 
§9.  p.  104;  \  12,  p.  104:  S  17.  P-  «04- 

I, — A  section  with  a  12  in,  web  plate  and  two  14  in.  flange  plates  will  be  assumed.  The 
^  will  lie  spaced  12 14  in.  back  to  back  to  allow  for  an  over-run  in  the  web  plate  without  inter- 
[with  the  cover  plates. 

he  radius  of  gyration  about  the  axis  A~A,  Fig.  7,  is  approximately  045  X  i2-5  ~  5.62  in. 
Ij6).  and  abmt  the  axis  B-B  is  0.23  X  14  =  3.22"   (Table  136).     The  axis  B-3  will 
i  the  design.     The  allowable  unit  stress  is 

16.000  —  70  ir  lb.  per  ^i  in,  =*  i6,ooo  —  70  X      _-"     -  =  1 1,800  lb.  per  sq.  in. 


i  nsquircs  an  area  of 


A  = 


// 


3.22 


11,800 


Try  a  9ection  consisting  of  four  angles  6"  X  4"  X  W  with  long  legs  turned  out,  and  12} i 
.  back  ro  back,  one  web  plate  12  in,  X  fh  in.  and  two  flange  plates  14  in,  X  %  in.     The  prop- 
I  of  various  sections  are  given  in  Table  70.     The  pro[x'rties  of  sections  are  calculated  as 
i  at  the  bottom  of  the  table.     The  radius  of  gyration  about  the  axis  A-A  is  found  to  Ije 
I  Uut  about  the  axis  B-B  is  rj,  =  3.14  in.,  and  the  area  29.44  ^-  i«i* 


Fig.  7.    Plate  A^^>  Angle  Column. 


ili»  tei^tion  the  ratio  l;r  =  16  X  12/3.14  =  61.2  which  satisfies  the  specification  that 
ximum  value  of  /.  r  is  125.     The  allowable  unit  stress  is, 

fc  =  16,000  -  70  X  61.2  =  1 1 ,700  lb.  per  sq.  in., 
s  required  area  is, 

A  P  340.000 

A  ^  j^  =  ^-— —  =  29,1  sq.  ID. 
/,       11.700         "^     ^ 

prox^ded  by  the  abtwc  section  is  29.44  ^^'  ^'^' 
Expansion  Rollers. ^Design  the  rollers  for  the  expansion  end  of  a  single  track  railway  bridge 
I  (t.  span,  thtf  dead  load  stress  being  I  lo.txxj  lb,,  the  live  load  stress  being  282,000  lb.,  and 
jHwcl  178^000  lb.     Total  stress  =  570,00*:)  lb* 
k/ertncrs. — {  19*  P-  209;  §  60,  p.  212;  §62,  p.  206;  §  62,  p.  212. 

fliUion. — The  sp.in  being  short  a  6  in.  roller  will  be  used.     The  allowable  stress  per  linear 
rollers  ia  6cxj  X  d,  when  impact  is  considered,  giving  600  X  6  -  3.600  lb.  for  6  in.  rollers. 
number  of  linear  inches  required  is,  570,000  3.600  =  158  in. 
i  rollers  33  in.  long  provide  5  X  32  »  160  linear  inches  and  occupy  a  space  about  3a  inches 

r  hlj^vay  bridge  expansion  rollers,  see  §  41,  p.  141;  S  8a,  §  85,  §  84.  p   144. 

tt»^  expansion  rollers,  sec  5  7.  P-  55*  5  3.^*  p.  57^  S  '»7»  P-  62:  i  1$,  p    104^ 
\  IN  FLEXURE. — The  designof  structural  members  stressed  in  flexure  will  be  shown 
Fftennples. 

-Select  an  I -Beam  to  carry  a  uniform  load  of  x  000  lb.  per  linear  foot,  the  span  being 
'  0^  and  the  mds  simply  supported. 
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References.— i  33,  p.  57;  §  42,  p.  58;  §  45,  p.  58;  §  14,  p.  104;  §  39,  p.  141;  {  50,  p.  142;  §55, 
p.  142;  S  17,  p.  209;  S  29,  §  30,  p.  210.  Properties  of  Carnegie  I-Beams  are  given  in  Tables  7  to 
13  inclusive.  Properties  of  Bethlehem  Girder  and  I-Beams  are  given  in  Tables  151  to  160^ 
inclusive. 

Solution. — The  bending  moment  is 

Af  -  yiw'P  =  H  X  1000  X  16*  -  32,000  ft.-lb.  -  32,000  X  12  in.-lb.  -  384,000  in.-lb. 
From  applied  mechanics, 

c        '' 
The  section  modulus  required  is  then. 


/      M     384,000  .    , 

:  _  =       =  ^LJt! «  24.0  m.» 

c      f        16,000         ^ 


The  section  modulus  of  a  9  in.  /  @  36  lb.  is  24.8  in.*,  and  of  a  10  in.  /  @  25  lb.  is  244  in.*  (Taole 
7),  either  of  which  will  carry  the  load,  but  the  10  in.  /  @  25  lb.  being  lighter  is  the  more  economical, 
and  being  the  minimum  section  is  more  easily  obtained. 

The  allowable  bending  moments  in  ft.-lb.  for  I-Beams,  using  a  fiber  stress  of  16,000  lb.  per 
sq.  in.,  are  given  in  Table  7.  The  I -Beam  could  have  been  selected  directly  from  the  momot 
making  use  of  these  values.  The  allowable  bending  moments  for  other  unit  stresses  are  propcV' 
tional. 

The  safe  uniform  load,  in  tons,  for  I-Beams  are  given  in  Table  12,  using  a  fiber  stress  d 
16,000  lb.  per  sq.  in.  The  I-Beam  could  have  been  selected  directly  from  the  load  by  usby 
this  table.     Safe  loads  for  other  unit  stresses  are  proportional. 

If  the  I-Beam  is  not  supported  to  prevent  lateral  deflection  the  allowable  fiber  stress  must  be 
reduced  by  the  compression  formula  as  shown  in  Table  12a. 

Design  an  I-Beam  14'  o"  long  to  carry  a  concentrated  load  of  P  =  20,000  lb.  at  the  center 
of  the  beam.  The  maximum  moment  is  at  the  center,  and  is,  M  =  HP'^  "  Ji  X  20,000X14 
=  70,000  ft.-lb.  -  840,000  in.-lb. 

The  required  section  modulus  is,  S  =  M!f  =  840,000  -i-  16,000  —  52.5.  In  Table  7,  the 
lightest  beam  that  will  carry  the  load  is  a  15  in.  /  @  42  lb.,  which  has  a  value  of  5  =  58.9  in-*, 
and  a  bending  moment  of  79,000  ft.-lb.  A  12  in.  /  @  55  lb.  will  also  carry  the  load,  but  is  not  aa 
economical  section.  A  concentrated  load,  P,  at  the  center  will  give  the  same  maximum  stresses 
as  a  uniformly  distributed  load  of  2P.  From  Table  12,  a  15  in.  /  @  42  lb.  will  carry  a  uniformly 
distributed  load  of  22  tons,  which  is  sufficient. 

Two  I-Beams  with  Separators. — Design  a  girder  consisting  of  two  I-Beams  fastened  together 
by  means  of  separators,  the  girder  having  a  span  of  16'  o"  and  carrying  a  uniform  load  of  2,000 
lb.  per  linear  ft. 

References.— i  33,  p.  57;  §  19,  p.  105;  §  39,  p.  141;  §  17,  p.  209;  §  30,  p.  210. 

Solution. — The  bending  moment  is 

3f  =  J  w./«  =  i  X  2000  X  16*  =  64,000  ft.-lb.  =  798,000  in.-lb. 
From  mechanics, 

c        ^ 
The  section  modulus  required  is, 

^       I      M      798,000        o     .    , 
c       f        16,000 
Each  I-Beam  must  have  a  section  modulus  of  J  X  48.0  -  24.0  in.*    The  section  modal* 
of  one  9  in.  /  @  36  lb.,  is  24.8  in.*  and  of  one  10  in.  /  @  25  lb.,  is  24.4  in.*,  either  of  which  if* 
carry  one-half  the  load,  but  the  10  in.  /  @  25  lb.  being  lighter  is  the  more  economical,  and  bw 
the  minimum  section  is  more  easily  obtained. 

The  allowable  bending  moments,  in  ft.-lb.  for  I-Beams,  using  a  fiber  stress  of  16,000  lb-  P* 
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^Ke^ivrn  in  Tabic  7.    The  U Beams  could  have  been  setectod  directly  from  the  moment 

^■ise  of  tht*se  valuer. 

Hsafe  uniform  load,  in  tons,  for  I-Beams  is  given  in  Table  12^  using  a  fiber  stress  of  j6,ooo 

^B.  in.     The  I- Beams  could  have  been  selected  directly  from  the  load  using  this  table. 

^Be  girder  is  not  supported  to  prevent  lateral  deflection  the  allowable  fiber  stress  must  be 

Hby  the  compn^ssion  formula  as  shown  in  Table  12a. 

^1  separators  for  Carnegie  1-Beams  are  given  in  Fig.  4,  page  83,  Chap.  II.     The  separators 

^■ehem  beams  are  given  in  Table  1 58. 

^h  Girders. — The  full  discussion  of  the  design  of  plate  girders  would  require  more  space 

^Mailable.     The  following  notes  will  be  of  value. 

^^gmces, — ^The  following  references  should  be  consulted. 

Bffc/5.— P.  ns;  p.  150;  p.  151;  p.  152;  p.  155;  p.  155;  p.  156:  p.  158. 

^bift|  Moments  and  Shears. — Pages  159.  163,  164,  165,  t66,  167,  173,  174. 

K  5lr£iJfi.— 4  33,  S35»  §36.  p.  57;  S42.  843.  P^  58;  5  3<5.  S37.  §39.  840,  §4".  i44.  P- 

IS^  §  St.  i  5^.  J  53.  i  54.  P'  1+2:  S  H.  §  ^9.  P-  206'  S  *4.  §  15.  §  i?-  S  18,  {  19,  p.  209:  S  29, 

pwaio. 

^ft^poriion  of  Parts.— i  3,  p.  55;  §  43.  p.  58:  §  3,  p.  137;  p.  202:  p.  203;  J  26,  8  29,  §  30,  $  77, 

S:  l?9.  p.  207;  426,  §27.  iig,  §3^§3^J38,  p.  210;  §37.  p.  2u;  §77,  J  78,  §79,  p.  212; 

p.  213;    pages  220,  721*  222. 

-Pa^jes  54,  123,  124,  189,  190. 

land  net  areas  of  angles  are  given  in  Table  29;  Area  of  Plates,  Table  I;  Areas  to  be 
Rivet  Holes,  Table  It6;  Moments  of  Inertia  of  Angles,  Tables  32,  33  and  34; 
I  of  Inertia  of  Web  Plates,  Table  3;  Moments  of  Inertia  of  Cover  Plates,  Table  5;  Prop- 
f  Plate  Girders,  Table  87;  Centers  of  Gravity  of  Plate  Girder  Flanges,  Table  88. 

\iure. — The  following  nomenclature  will  be  used. 
[  *  resisting  moment  of  section, 
f  vertical  shear  at  section, 
t  alloirable  unit  fiber  stress. 
fl    *  moment  of  inertia  of  gross  section. 
iH  *  moment  of  inertia  of  net  section. 
B^«  moment  of  inertia  of  gross  section  of  web  plate* 
|B  *  ini>ment  of  inertia  of  net  section  of  web  plate. 
Wf  *  gross  area  of  one  flange. 
^#  «  net  area  of  tension  flange. 
'  lETOos  area  of  web. 
I"*  distance  between  centers  of  gravity  of  flanges. 
'  disUincc  between  gage  lines  of  rivets  in  tension  and  compression  flanges. 
■  distance  back  to  back  of  angles  in  flanges. 
'  (IifUince  from  neutral  axb  to  extreme  fiber. 
[  *  pitch  of  rivets  in  flanges. 
I  *  allowable  resistance  of  one  ri\^t, 
'  concentrated  load  per  unit  length  of  rail  —  P/l  where  P  =  concentrated  load  and 

/  «  distance  over  which  the  load,  P,  is  considered  as  distributed  (see  {  5,  p.  202). 
*  number  of  rivets  on  one  side  of  web  splice, 
^Ung  Xtoment — There  are  four  methods  now  in  use  for  determining  the  resisting  moment 

j 

a  all  the  bending  moment  is  carried  by  the  flanges  (see  §  29,  p.  206),  \/ 

M^AF-f'h  Ja) 

nlng  that  one-eighth  the  gross  area  of  the  web  is  available  as  flange  area  (see  f  42, 

ji/  =  U/+M,)./.»  d') 
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(3)  By  moment  of  inerCfa  of  net  section  (see  §  42,  p.  58;  §  5O1  p*  141;  1 29,  p.  206), 


M 


JjI 


if\ 


(4)  By  moment  of  inertia  of  gross  section  (used  by  American  Bridge  Co,  for  plate  girdeii 
for  buildings), 

f .  T 

(n 


mJ-^ 


Rivets  in  Flanges  Which  do  not  Carry  Concentrated  Loads,    "^ 
(i)  Assuming  that  ail  bending  moment  is  carried  by  flanges, 


O     00     e   t»  fiTo  00     -o     0     o  1 


f 


■T7"A:4-iLl*=!T^ 


i 

i_ 


dTo 


0—   ---Jh-t,     ;* 


P       5        0 


— t'^  ■     : 


lilli 


q       p      fi    IS  a       «      «       j,^ 


'/kvirsfdjii 


\   . —  1  "  *  r    . 

I     (T    a    •     e     J     «    •     fl     ^,  I 

M         o     «     s  f  a     «     o       ^     ' 

I  P      »      O       i       O      P      €      *^^ 


Fig.  8.    Web  Splice  for  Plate  Girder. 


Fig.  9.    Web  Splice  for  Plate  Gjrdel 
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(2)  Assuming  that  one-eighth  the  gross  area  of  web  is  available  as  flange  area, 


(3)  By  moment  of  inertia  of  net  section, 


2rr 
VAF'-h 


(4)  By  moment  of  inertia  of  gross  section, 

^       V-AF-k 

Rivets  in  Flanges  Carrying  Concentrated  Loads. 

(i)  Assuming  that  atl  the  bending  moment  is  carried  by  the  flangin, 

r 


(!) 

(3) 


p  = 


v-+(!;)' 

(2)  Assuming  that  one-eighth  the  gross  area  of  the  web  is  available  as  flange  an^, 

r 


P  = 


\^^\Ayv\A^'h) 

(3)  By  moment  of  inertia  of  net  section, 

p 


If) 
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(4)  By  moment  of  inertia  of  gross  section, 

P  -  ^  -  (9) 

Rivets  Connecting  Cover  Plates  to  Flange  Angles, 

(1)  and  (2).  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges,  or  that  one- 
ghth  the  gross  area  of  the  web  is  available  as  flange  area, 

p'-vTxr  (10) 

here  n  ■-  number  of  rivets  on  one  transverse  line. 

r  —  value  of  one  rivet  in  single  shear  or  bearing. 
d  B  distance  back  to  back  of  angles. 
A/  ^  total  net  area  of  cover  plates  in  one  flange. 

(3)  By  moment  of  inertia  of  net  section, 

here  i4/  —  total  net  area  of  cover  plates  in  one  flange. 

ht  "  distance  between  centroids  of  all  cover  plates  in  tension  flange  and  all  cover  plates 
in  compression  flange. 

(4)  By  moment  of  inertia  of  gross  section, 

liere  ^4,  =  total  gross  area  of  cover  plates  in  one  flange. 

he  »  distance  between  centroids  of  all  cover  plates  in  tension  flange  and  all  cover  plates 
in  compression  flange. 

Weh  Splice, — ^An  ordinary  web  splice  is  shown  in  Fig.  8.  Where  splice  plates  are  designed 
D  carry  part  of  the  moment  as  well  as  the  shear  the  splice  shown  in  Fig.  9  is  sometimes  used, 
lates  AB  and  A'B'  are  assumed  to  transfer  that  part  of  the  moment  carried  by  the  web,  and 
•late  CD  to  transfer  the  shear.  Two  lines  of  rivets  should  be  used  in  each  section  of  the  web 
pliced.  The  number  and  spacing  of  rivets  in  a  web  splice  can  be  determined  only  by  trial, 
xcept  when  the  first  method  for  proportioning  the  section  is  used.  The  rivet  most  remote  from 
he  neutral  axis  is  the  most  severely  stressed. 

(i)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges, 

V  V 

r  =  —  ,  and  2n  =  —  (13) 

2»  r 

(2)  Assuming  that  one-eighth  the  area  of  web  is  available  as  flange  area.  The  stress  in  the 
utermost  rivet  is  given  by  the  formula, 

(3)  By  moment  of  inertia  of  net  section.  The  stress  in  the  outermost  rivet  is  given  by  the 
xmula; 

(4)  By  moment  of  inertia  of  gross  section.  The  stress  in  the  outermost  rivet  is  given  by  the 
nnula 

Tor  the  detaib  of  a  web  splice,  see  Fig.  16. 
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Flange  Splice. — ^Flanges  should  never  be  spliced  unless  it  is  impossible  to  get  material  of 
the  required  length.  Flange  splices  should  always  be  located  at  points  where  there  is  an  exooi 
of  flange  section,  no  two  parts  of  the  flange  should  be  spliced  within  two  feet  of  each  other.  Rivcti 
in  splice  plates  and  angles  should  be  located  as  close  together  as  possible  in  order  that  the  tranrfer 
may  take  place  in  a  short  distance.  No  allowance  should  be  made  for  abutting  edges  of  spliced 
members  of  the  compression  flange. 

Flange  angles  should  be  spliced  with  a  splice  angle  of  equal  section  riveted  to  both  legs  of 
the  angle  spliced.  Where  this  is  impossible  the  largest  possible  splice  angle  should  be  used  and  the 
difference  mad6  up  by  a  plate  riveted  to  the  vertical  leg  of  the  opposite  angle.  The  number  of 
rivets  required  in  the  splice  angle  on  each  side  of  the  joint  in  the  angle  is  given  by  the  formula, 

«  -•'—  (17) 

where  /  =  the  allowable  unit  stress  in  the  flange,  A  —  area  of  spliced  angle,  and  r  =  the  allow- 
able stress  on  one  rivet.  Rivets  which  are  already  considered  as  transferring  the  shear  may  be 
considered  as  splice  rivets  if  they  are  included  in  the  splice  angle. 

Cover  plates  should  be  spliced  with  a  splice  plate  of  equal  section.  The  number  of  rivet* 
required  in  the  splice  plate  on  each  side  of  the  joint  is  determined  by  the  above  formula  if  the  plates 
are  in  direct  contact  in  the  same  way  as  for  splice  angles.  Where  one  or  more  plates  intervene 
between  the  splice  plate  and  cover  plate  which  it  splices,  rivets  should  be  used  on  each  side  of  tiie 
joint  in  excess  of  the  number  required  in  case  of  direct  contact,  to  an  extent  of  one-third  that 
number  for  each  intervening  plate  (sec  §  79,  p.  144,  and  §  57,  p.  211). 

The  above  methods  for  flange  splicing  apply  only  when  methods  (i)  and  (2)  of  proportioning 
sections  are  used,  but  may  be  used  with  sufficient  accuracy  when  methods  (3)  and  (4)  are  used 
Strictly  speaking  for  methods  (3)  and  (4)  splice  angles  and  plates  should  have  moments  of  inertia 
about  the  neutral  axis,  equal  to  the  moments  of  inertia  of  the  members  they  splice,  about  the 
neutral  axis.  An  exact  analysis  for  the  number  of  rivets  required  in  splices  would  give  a  lest 
number  than  obtained  from  above  formula. 

Stiff eners. — For  method  of  designing  stiffencrs  see  §  43,  p.  58;  §  52,  p.  142;  §  79,  p.  207; 
§79,  p.  212;  p.  221. 

Pins  and  Pin  Packing. — A  pin  under  ordinary  conditions  is  a  short  beam  and  must  be  designed 
(i)  for  bending,  (2)  for  shear,  and  (3)  for  bearing.  If  a  pin  becomes  bent  the  distribution  of  the 
loads  and  the  calculation  of  the  stresses  are  very  uncertain. 

The  cross-bending  stress,  /,  is  found  by  means  of  the  fundamental  formula  for  flexure, 
f  —  M'c/I,  where  the  maximum  bending  moment,  M ,  is  found  as  explained  later;  /  is  the  moment 
of  inertia;  and  c  is  one-half  the  radius  of  a  solid  or  hollow  pin. 

The  safe  shearing  stresses  given  in  standard  specifications  are  for  a  uniform  distribution  of 
the  shear  over  the  entire  cross-section,  and  the  actual  unit  shearing  stress  to  be  used  in  designing 
will  be  equal  to  the  maximum  shear  divided  by  the  area  of  the  cross-section  of  the  pin. 

The  bearing  stress  is  found  by  dividing  the  stress  in  the  member  by  the  bearing  area  of  the 
pin,  found  by  multiplying  the  thickness  of  the  bearing  plates  by  the  diameter  of  the  pin. 

References. — §41,  p.  58;  §90,  p.  61;  §  99,  p.  61;  §  107,  p.  62;  §39,  p.  141;  §40  and  1 41. 
p.  141;  §  74,  p.  143;  §  75,  p.  143;  §  76,  p.  143;  §92,  p.  144;  §  141,  p.  145;  §  142,  p.  145;  §144. 
p.  146;  §  17,  p.  209;  §  18,  p.  209;  §  19,  p.  209;  §28,  p.  210;  §52,  p.  211;  §54,  p.  211;  llj^,?- 
216;  p.  219;  p.  220;  p.  402. 

Details  of  Pins. — Details  of  bridge  pins  are  given  in  Table  95,  Part  II. 

Stresses  in  Pins. — ^The  method  of  calculation  will  be  illustrated  by  calculating  the  stresses  in 
the  pin  at  Ui  in  (a)  Fig.  10.  In  the  complete  investigation  of  the  pin  Uu  it  would  be  necessary 
to  calculate  the  stresses  when  the  stress  in  Ui  U2  was  a  maximum,  and  when  the  stress  in  UJ4 
was  a  maximum.  Only  the  case  where  the  stress  in  C/i  C/j  is  a  maximum  will  be  considered.  Hot- 
ever^  maximum  stresses  in  pins  sometimes  occur  when  the  stress  in  UiLt  is  a  maximum,  and  thii 
case  should  be  considered  in  practice. 


PINS   AND   PIN   PACKING. 

Binding  MamcHt^-Thc  stresses  in  the  members  are  shown  in  (c)  Fig.  lo,  which  gives  the 
foroe  polygon  for  the  forces.  The  make-up  of  the  members  ts  shown  in  (a),  and  the  pin  packing^ 
cm  one  sick*  is  shown  in  {b}.  The  stressc-s  shown  in  (c)  are  applied  one-half  on  each  side  of  the 
aiiftnber,  the  pin  acting  like  a  simple  beam.  The  stresses  are  assumed  as  applied  at  the  centcra 
gI  the  plates  which  make  the  members* 


lfipPt22U\ 


)^m&>0'-^Bim^, 


fj  lLlIi^.i?fi.^.i 

,,  .  \Q.^'Wetfi*f?W^^    ^Cl.of  Members 

Pin  Packing, 
(b) 
--I.et-—'--  t2i'-^i^*Mqehra\o  Moments, 
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Fig.  to.    Calculation  or  Stresses  in  a  Pin. 

C^LatiAiiofi  of  Stresses  in  a  Pm.— The  amounts  of  the  forces  and  the  distances  between  their 

rwiffTf^  of  application  as  calculated  from  {b)  arc  shown  in  {d)  Fig.  lo.     The  horizontal  and  vertical 

tients  of  the  forces  an*  considered  separately,  the  maximum  horizontal  bending  moment 

«fi.i  the  maximum  vertical  bending  moment  are  calculated  for  the  same  point,  and  the  resultant 

OiOQieot  m  then  found  by  means  of  the  force  triangle. 

In  (d)  I  he  horizontal  bending  moments  arc  calculated  about  the  points  I.  2,  3,  4;  the  maximum 

ItoriscinlJil  moment  is  to  the  right  of  3,  and  is  208,600  in. -lb.     The  vertical  bending  moments  are 

calmilatrd  about  points  5,  6,  7,  8;  the  maximum  bending  moment  is  to  the  right  of  8,  and  ia 

3*l/»o  m.-fb.     The  maximum  lx*nding  moment  b  at,  and  to  the  right  of  4  and  8,  and  is,  M  « 

4*  aS^^ooo*  »:  351,600  in.4b.     Substituting  in  the  formula,/  —  M'C/I,  the  maximum 

new  is  /  =  i6,6oo  lb.  per  sq.  in*     The  allowable  bending  stress  in  pins  for  which  this 

-  designed  was  18,000  lb,  per  square  inch.     The  allowable  bending  moments  on  pin 

le  shear  (s  found  for  both  the  horizontal  and  vertical  components  as  in  a  simple 

tual  to  the  summation  of  all  the  forces  to  the  left  of  the  section.     The  maximum 

ir  is  between  I  and  3,  and  is  165,400  lb.     The  shear  between  2  and  3  is  165,400 

—  99ilon  »  66,100  lb.     The  maximum  vertical  shear  is  between  6  and  7,  and  is  126,300  lb.     The 

t^etiltjMit  shear  between  a  and  3,  and  6  and  7,  is,  V  =  ^126,300*  +  66,TOo*  »  145.000  lb.,  which 

*  hm  tbsii   the   horizontal   shear  between  l  and  2.     The   maximum  shear,  tKercfcite^  c^m«^ 
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between  i  and  2,  and  is  165,400  lb.    The  maximum  shearing  unit  stress  is  165^400  -f-  28.27- 
5,850  lb.  per  sq.  in.     The  allowable  shearing  stress  was  9,000  lb.  per  sq.  in. 

B^ftn^.— The  bearing  stress  in  Loi7i  is  160,650  +  (6  X  1.94)  ~  i3>8oo  lb.  Bearing  stiw 
in  UiUt'iB  165,400  -h  (6  X  1.88)  »  14,600  lb.  Bearing  stress  in  UiLi  is  42,200  +  (6  X  aSg) 
-  7,900  lb.  Bearing  stress  in  UiLt  is  107,000  4-  (6  X  lA)  -  12400  lb.  per  sq.  in.  Tbe 
allowable  bearing  stress  was  15,000  lb.  per  sq.  in.  Allowable  bearing  stresses  on  pins  are  gwco 
in  Table  97. 

For  the  calculation  of  the  stresses  in  the  pins  of  a  160  ft.  steel  highway  bridge,  see  the  authGr*! 
"The  Design  of  Highway  Bridges,"  Chap.  XXII,  Part  III. 

Pin  Packing. — For  details  of  pin  packing  see  pages  219,  220  and  page  402.  Details  of  pios 
are  given  in  Table  95,  Part  II. 

Corrugated  Steel  Roofing. — For  the  calculation  of  the  strength  of  corrugated  steel  and  for 
a  diagram  for  the  safe  loads  for  corrugated  steel,  see  Fig.  18,  Chap.  I,  page  22. 

Bearing  Plates. — The  bearing  plates  required  for  beams  and  colunms,  Fig.  11,  may  be  deter- 
mined by  the  following  formulas. 

Let  R  =  reaction  of  beam  or  load  on  column. 
A  =  area  of  bearing  plate. 
w  =«  allowable  unit  pressure  in  masonry. 
/  =*  allowable  fiber  stress  in  plate. 
p  =  projection  of  bearing  plate  beyond  any  edge  of  beam  or  column. 

Area  of  bearing  plate, 


4 


^/////A       I 


v////////?. 


p 
•1 


Fig.  II.     Bearing  Plates. 


A  =- 


Thickness  of  bearing  plate  required  by  a  given  projection, 
Safe  projection  for  a  given  thickness  of  plate, 


-r 


3R 


^3w 


(i«) 


(19) 


(20) 


The  allowable  pressures  of  bearing  plates  on  masonry  (value  of  w)  are  given  in  Table  VIH. 
page  175.  Standard  bearing  plates  for  I-bcams  are  given  in  Table  8;  for  channels  in  Table  15- 
The  length  of  I-bcams  which  should  bear  on  plates  in  order  that  the  full  shearing  stieogth  be 
developed  is  given  in  Table  11 ;  and  of  channels  in  Table  16. 

For  a  full  discussion  of  bearing  plates,  see  Bulletin  No.  35,  University  of  Illinois  Engineeriflf 
Experiment  Station,  entitled  "A  Study  of  Base  and  Bearing  Plates  for  Columns  and  BeamSi 
by  Professor  N.  Clifford  Ricker. 

COMBINED  FLEXURE  AND  DIRECT  STRESS.— The  formulas  for  combined  flexure  and 
direct  stress  are  given  in  section  26,  Chapter  XVI.  The  design  of  members  stressed  in  coa* 
bined  flexure  and  direct  stress  will  be  shown  by  several  examples. 

Eye-Bar. — An  eye-bar  in  a  structure  carries  a  direct  stress  due  to  the  dead  and  Uvc  losdsi 
and  in  addition  is  stressed  in  flexure  due  to  its  own  weight. 


COMBtNED   FLEXURE   AND    DIRECT  STRESS. 


*=  direct  stress  in  eye-bar;  Mi  =  l>ending  moment  due  to  weight  in  in.-lb. ;  c  =  distance 

rutral  axis  to  extreme  fiber  *  hjit  where  h  -  depth  of  eye-bar;  /  =  length  of  bar,  c.  to  c. 

I  3«*  thickness  of  cyc-bar  in  inches;  /  —  moment  of   inertia  of  eye-bar  =*  A  '•**;  ife  is  a 

cot  depcndrng  upon  the  condition  of  the  ends  being  approximately  to  for  eye-bars  with  pin 

for  one  pin  end  and  one  fixed  end,  and  32  for  two  fixed  ends;  E  *  modulus  of  elasticity 

P 
steel  =  28«ooo,ooo   lb*    per   sq.    in.;   and  /i  **  7^  =«  unit  stress  due  to  direct  toads.     Then 


t'k 
\  due  to  combined  flexure  and  direct  stress  will  be 


/  + 


k-E 


Cai) 


r,  iti  ~  iw-/",  where  w  —  o.aS  t-h  =■  the  weight  of  the  bar  per  lineal  inch;  P  "  ft-t-k: 
>;  /  ~  I'l^'A';  k  —  to;  and  £  ~  j8,ooo,ooo  lb.  per  sq.  in.;  and  substituting 

tw-P-^A  4,90o,oooA 


/*- 


12        10  X  28,000,000 


/,  -h  23,000,000  (jj 


(22) 


I  IS  the  extreme  fiber  stress  in  the  bar  due  to  weight,  and  is  tension  in  the  lower  fiber  and 

an  in  the  upper  fiber. 
the  bar  is  inclined,  the  stress  obtained  by  formula  (22)  must  be  multiplied  by  the  sine 
[  the  angle  that  the  bar  makes  with  a  vertical  Hne. 

Pwptimfof  Stress  in  Bars  Due  to  WagfU, — Taking  the  reciprocal  of  equation  (22) 


1. f* 


23,ooo,cxx> 


/l     4,900,000^ 


4,900,000^ 


/■  = 


(23)1 


atn  ?f*f  solving  equation  (23)  is  given  in  Table  134,  Part  H,  which  see.     The  intersections 

inclined  lines  in  Table  134  correspond  to  depths  of  eye- bar  that  give  maximum  stresses 

}  weight. 

l-Post. — Dcfiign  the  end-poeft,  Fig.  12,  for  a  160  ft,  span  through  highway  bridge.     Panel 

;lh,  20'  o";  depth  of  truss  c.  toe.  of  pins,  24'  o";  length  of  end-post»  31'  3".     The  direct 

are  as  follows:  dead  load  stress  —  30,000  lb,;  live  load  stress  =  60,000  lb,;  impact  = 

Pl6o -f  300)  X  60,000  =  13,000  lb.;  total  direct  stress  due  to  dead   load,   live   load  and 

103,000  lb.     The  bridge  is  to  be  a  class  C  bridge  designed  according  to  the  ** General 

Attons  for  Highway  Bridges,"  in  Chapter  III.     From  §  38  of  the  specifications  the  allow- 

ranit  «tres«  is/r  =  16,000  ^  70 //r.     The  section  will  l^e  made  of  two  channels  and  one  cover  ' 

Try  a  section  made  of  two  10  in.  channels  @  15  lb.,  and  one  14  in.  by  5/16  in.  plate,  (6), 

From  Table  82,  Part  11,  the  radius  of  gyration  about  the  horizontal  axis  A~A^  isf^  ~  S-99 

.  the  vertical  axis  B-B  is,  rg  «  4.67  in.,  and  the  eccentricity  is,  f  «  1.70  in.     The 


Ik  then /.-.6.00a -'-5^^  3^ 
3-99 


=  9.400  lb.  per  sq.  in.     The  required  area  will 


pO^^jOOO  -f-  9400  •■  10,96  sq.  in.     The  actual  area  ia  13.30  sq.  in.     While  the  section  ap- 
to  be  cxciasive,  it  will  be  investigated  for  stress  due  to  weight,  eccentric  loading  and  wind 
dJorc  lejecting  it* 

radii  of  gyration  and  the  eccentricity  may  be  calculated  as  follows, 
:ic  the  area 

4irea  of  two  10  in.  channels  (Table  14)  =    6.92  sq.  in, 

area  of  one  14  in.  by  5/16  in.  plate  (Table  2)  **    4.38  sq,  in. 

Total  area  =*  13.30  sq.  in. 
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To  locate  the  neutral  axis  A-A,  take  moments  about  the  lower  edge  of  the  channftls 
c  -  8-9»X5+4-38Xio.,56  .  .^ 

13*30 

The  eccentricity  is  «  «  6.70  —  5.00  =»  1.70  in.     The  moment  of  inertia  /^,  about  axis^^ 
may  be  calculated  as  follows: 

Let  /«  »  /  of  channels  about  center  of  channels  (Table  14). 
/p  =  /  of  plate  about  center  of  plate  (Table  4). 
Ac  =  area  of  channels  (Table  14). 
Ap  =  area  of  plate  (Table  i). 


a '8.87 

--/^.-^.--'^ 

fe) 

Fig.  12.    End- Post  of  a  Highway  Bridge. 

Then         /a  =  /c  4-  Ip  -\-AcX  1.70*  +  v4p  X  3-456». 

=  2  X  66.9  +  0.04  -f  8.92  X  1.70*  4-  4.38  X  3.456* 
=  133.8  +  0.04  +  25.76  -h  52.20 
=  211.80  in.* 
Thenfx  =  '^/a  -^  A  ^  'V211.80  -^  13.3  =  3.99  in. 
The  moment  of  inertia  /^,  about  axis  B-B  may  be  calculated  as  follows. 
Let  le   —  I  of  channels  about  neutral  axis  parallel  to  the  web  (Table  14). 
Ip'  =  /  of  plate  about  vertical  axis  (Table  3). 
Ae  =  area  of  channels  (Table  14). 

From  Table  82  the  distance  back  to  back  of  channels  is  8H  in.     From  Table  14  the  distai 
from  neutral  axis  to  back  of  channel  is  0.639  *".     The  distance  from  neutral  axis  of  channels 
axis  B-B  is  4.25  -f  0.639  =  4889  in.  (4.89  in.  will  be  used). 
Then  Ib  ^  1/  -{- Ip  +  Ac  X  4.89* 

=  4.60  4-  7146  +  982  X  489* 
-  4.60  -h  71.46  -h  213.28 

=  289.34  in.*       

4.67  in. 


Then  f ^  -  V/^  -^  i4  -  '^289.34  "^  i3-3 


DESIGN   OF    END-POST. 


DII4  lo  Weitht  of  Member.- 
Two  lo  in.  channels 


The  total  weight  of  the  member  will  be 


15  lb.,  31'  6"  long 


945  »b. 


One  14  in.  X  5  16  in.  plate  @  14,88  lb.,  30'  o"  long  =*    447  lb. 


Details  and  lacing  about  25  per  cent 
Total  Weight,  W 
ding  moment  due  to  weight  of  member  is  M 
le  to  weight 


«    308  lb. 
=  1700  lb. 
iW4sin9. 


f    -^ 
^      loE 


I A  - 


iqE 


(15) 


/-- 


^  to  weight  in  the  upper  fiber  will  be 

i  X  1,700  X  375  X  0.645  X  3-6125 

10  X  30,000,000 

»»  940  lb.  per  sq.  in. 

(  due  to  weight  in  the  lower  fiber  is 

/•  -  -  6.70  X  940  -5-  3  6125 
=  —  1745  lb,  per  sq,  in. 

f  Due  to  EccefUric  Loading. — The  pins  were  placed  i  inch  above  the  center  of  the  cbann?elSi 
i  due  to  eccentric  loading  will  be 

MjC         PX  (1.70  -  05)  X  c 

loH  io£ 


/-- 


(26) 


/- 


atiic  stress  in  the  upper  fiber  mtl  be 

f  ^  103*000  X  1 .30  X  3*6125 
,.t«_  103.000  X  37^ 


211,8  -       ^       ^ 

10  X  30,000,000 

=  —  2,280  lb.  per  sq.  in. 
eccentric  strea  in  the  lower  fiber  is 

/*  =  -h  6.70  X  a,28o  -^  3.6125 
—  +  4t^30  lb,  ]:>er  scj.  in. 
t»ultant  stress  due  to  weight  and  e<^entric  loading  is  ft  =^  fm  +  f*  -  H-  940  —  2,280  — 

in  the  upper  fiber,  and  —  1,745  +  4*^3^  -  ^485  lb.  per  sq,  in.  in  the  lower  fiber, 
allowable  stress  due  to  weight  and  eccentric  Irjading  is  greater  than  10  per  c!ent  of  th« 
stress  and  must  be  considered,  with   the  allowable  unit  stress  increased   by  10  per  cent 
42). 

lotal  unit  stress  in  the  member  will  be,  /  =  103,000  —  13.30  -f  2.485  =  7^75^  +  2.485 
lb,  per  sq.  in.  The  allowable  unit  stress  when  weight  and  eccentric  loading  are  con- 
9400  X  1. 10  =  10,340  Ibr  per  sq.  in.,  which  is  sufficient. 

Dm  to  Wtnd  Moment,— The  stresses  in  the  portal  and  the  direct  wind  stresses  in  the 
rben  the  end-post  is  assumed  as  pin-connected  at  the  base  are  shown  in  (d)  and  (e)  Fig. 
md' posts  may  both  be  assumed  as  fixed  if  the  windward  end-jxist  is  fixed.  To  hx  the 
ead'po^t  the  bending  moment  must  not  be  greater  than  the  resisting  moment  which 

M.  =  H^ya  ^  (90,000  -  V  -  D')al2 
*  5,oc>«3  ib.  and  D'  —  7,o<x)  lb.  the  direct  stress  due  to  wind,  and  a  -  distance  center 
if  metal  in  the  sides  of  the  end-post  =  8.87  in.,  (/),  Fig.  12.     (The  impact  stress  is 
If  >«ift  taken  equal  to  ^d  ~  10'  o'^  =  170  in.,  we  will  have 

2,000  X  I20<  (90,000  —  5,060  —  7,000)  8.87/2 
240.000  <  345»6oo,  and  the  end-post  may  be  assumed  as  fixed  at  the  hdon. 
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The  stress  due  to  bending  moment  due  to  wind  loads  in  the  leeward  end-poet  will  be, 

loE 

240,000  X  7  ^        iL 

"  ,,,^       (90.000  + 5,060 -f7,ooo)25ffl  -  ^'730  lb.  per  sq.  in. 
"^  ^  10  X  30,000,000 

The  total  stress  due  to  direct  wind  load  will  be  /»  —  (5060  +  7000)/i3.30  =*  -|-  910  lb.  per 
sq.  in.  The  total  maximum  wind  load  stress  will  come  on  the  windward  fiber  of  the  leevaid 
end-post,  and  will  be/„"  =  -h  6,370  -f  910  =  +  7,280  lb.  per  sq.  in. 

The  maximum  stress  due  to  direct  dead  and  live  loads  (not  including  impact)  and  wind  knd 
stresses  will  be 

/  =  90,000  -I-  13.30  H-  7,280 
=  6,770  -h  7,280  =  14,050  lb.  per  sq.  in. 

From  §  46  in  the  specifications  the  allowable  stress  may  be  increased  50  per  cent  when  direct 
and  flexural  wind  stresses  are  considered. 

The  allowable  stress  when  both  direct  and  flexural  wind  stress  are  considered  is  then 

/e  =  9400  X  1.50  =  14,000  lb.  per  sq.  in. 

The  stresses  in  the  windward  post  will  be  less  than  in  the  leeward  end-post  calculated  above. 

While  the  section  assumed  appeared  to  be  excessive,  the  additional  area  and  the  width  of 
plate  are  required  to  take  the  flexure  due  to  wind  loads. 

For  the  method  used  by  the  C.  M.  &  St.  P.  Ry.  for  the  design  of  an  end- post,  see  p.  222, 

Column  of  a  Transverse  Bent — Design  a  column  similar  to  that  of  the  transverse  bent  shoti 
in  Fig.  3,  Chapter  XVI,  but  having  column  length  of  25'  6"  and  being  hinged  at  the  base.  Direct 
stress  =  -|-  12,800  lb.,  bending  moment  at  foot  of  knee  brace  =  181,250  ft.-lb.  Shear  =^ 
=  13,500  lb. 

References.— i  34  and  §  38,  p.  57;  §  79.  §  80  and  §  84.  p.  60;  §  94,  §  97,  §  98  and  §  100,  p.  61. 

Solution. — A  section  composed  of  four  angles  and  a  plate  will  be  used.  The  column  will  be 
supported  laterally  by  the  girts  so  the  length  in  that  direction  will  be  taken  as  H  X  25'  6"  =  1275 
ft. 

Try  4  angles  5"  X  3H"  X  H".  long  legs  out.  i%\i  in.  back  to  back  and  one  web  plate  18 in. 
X  y%  in.  Distance  between  rivet  lines  «i8Ji  —  2X2  =  14}^  in.  Maximum  allowable 
distance  for  ^  in.  plate  =  40  X  ?8  ~  15  in. 

Using  method  at  bottom  of  Table  69,  i4  =  22.75  in.*;  I  a  **  1.311  in.*;  Ib  =  94-6  in-*: 
^A  -  7-59  in.;  r^  =  2.04  in.  The  greatest  value  of  /  +  r  =  12.75  X  12  -^  2.04  «  75.0.  The 
maximum  allowable  value  of  /  -^  r  —  125.     The  allowable  unit  stress  is: 

1.50(16,000  —  70 //f)  =  1.50(16,000  —  70  X  75.0)  =  16,100  lb.  per  sq.  in. 

The  actual  unit  stress  is: 

5  =  ^+_^^=^l'^4- 18^250X12X9.35       ^:,,6,ooolb.persq.in. 

A      J  _P^       22.75^  12,800  X  25.5*  X  I2«  *^   ^ 

loE  '^'^  10X30,000,000 

Floorbeam. — Floorbeams  are  designed  in  the  same  way  as  other  plate  girders.  The  sectwo 
cut  away  for  clearance  at  the  joint  must  be  strengthened  by  means  of  plates  as  shown  in  Fig.  13- 
To  determine  the  strength  at  the  weakest  section,  A-A^  the  following  method  is  used. 

The  floorbeam  is  drawn  to  scale  in  Fig.  13,  so  that  distances  can  be  scaled  and  the  maxiiBB" 
floorbeam  reaction  189,980  lb.  be  resolved  graphically,  in  the  center  line  of  the  post,  into  80,000 
lb.  normal  to  A- A,  which  produces  direct  tension  on  the  section  A-A,  and  173,000  lb.  paraW 
to  i4-i4,  which  produces  shear  and  flexural  stress. 
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I  arc  considered  as  spaced  3  in.  along  the  section  -4 --4 ,  for  when  the  beam  is  detailed 
ib!e  that  they  will  be  spaced  closer  than  3  in*     Holes  are  deducted  from  the  tension 
s  otAy.     I  in.  holes  being  deducted  for  '  ji  im  rivxts. 

plates  may  not  be  exactly  as  indicated  on  Fig,  13  for  it  may  be  necessary  to  alter  them 
in  detailing,  but  smal!  changes  will  not  change  the  results  materially.     It  is  quite  an 
age  to  have  the  investigation  made  before  the  beam  is  completely  detailed  as  alterations 
f  mote  easily  made  at  that  time  if  the  beam  proves  weak  in  any  particular. 
The  curved  angle  at  the  bottom  will  not  be  considered  as  adding  to  the  strength. 
Values  for  the  area,  eccentricity  and  moment  of  inertia  are  found  as  follows. 

the  moments  and  moments  of  inertia  of  the  separate  parts  are  found  about  an  axis 
tlic  geometric  center  of  the  st*ction,  the  eccentricity  is  then  calculated.  The  moment 
I  atx>ut  an  axis  through  the  center  of  gravity  b  found  by  subtracting  the  product  of  the 


-wFiiipi^j.yc,/'^/ 


H* 


1 6*!      IJ'         10" 

w— 4» "J. 


?*i>i 


"^r. 


h' 


,y^f/, "'''» 


-^'jft, 


' -\ 

Fio.  i;.     Detail  of  Floorbeam  Connection. 


!  ecccntncuy  squared  from  the  moment  of  inertia  about  the  axis  through  the  gcomet 


X  %'^  legs  of  the  flange  angles  and  J< 


. — prjr  sake  of  simplicity  the  total  section  was  divided  up  as  follows 
include*  three   M  in,  and  two  %  in.  plates,  the  6"  X  ^ 

ir  4*'  X  %**  leg.     The  spaces  allowed  for  clearance  were  conaidercd  as  solid  with 
rror. 

the  remainder  of  the  4"  X  ?b"  legs  of  flange  anglw, 
the  1-^  in.  outside  plates  considered  as  solidt 
[tocittcks  the  nvct  holes,  i  in.  in  diameter  and  3.5  in.  long,  spaced  3  in.  center  to  center. 
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Tables  of  Areas,  Moments  and  Moments  op  Inertia. 


Chap.  XVII. 


Section. 


Size. 
In. 


A  355  X  2.75 

B  575  X  0.625 

C  18.0  X  0.75 

5X1X35 

f  =  106.6  -s-  97.2  =  1. 10 


Area, 
Sq.  In. 


In. 


Moment, 
In.-Lb. 


In. 


+97.6  O  O 

Moment  of  Inertia  about  own  axis 

+  3.6       I       +17.4      1     +  62.6       I       +174 
Moment  of  Inertia  about  own  axis 


+  13.5  .    I       -  ?.? 


Moment  of  Inertia  about  own  axis 


-17.5 


-118.6 


-  8.8 


-  9-3  +162.6 

Moment  of  Inertia  about  own  axis 


-  9.3 


+97.2       I 

J.fi  s=  97  2  X  I.IO'  = 

Total  moment  of  inertia  about  centroidal  axis  « 


+  106.6 


U 
In*. 


0 
+ICMSO 
+  l^ 

0 

+  I/H4 
+     365 


12,747 
■     315 


10,919 
: 117 


10,802 


The  bending  moment  of  this  section,  from  Fig.  14  is 

M  =  189,980  X  27  «  5,130,000  in.-lb. 
or 

M  =  i73»ooo  X  29.5  =  5,130,000  in.-lb. 
The  direct  tension  is  80,000  lb. 
7  he  shear  on  the  section  is  173,000  lb. 
Compression  in  extreme  fiber  due  to  moment 

Si  «  Mef  +  /  =  (5,130.000  X  16.65)  -s-  10,802  -  +  7,850  lb.  per  sq.  in. 
Tension  in  extreme  fiber  due  to  moment  is 

Si  =  M-c"iI  =  5,130,000  X  18.85  -^  10,802  =  -  8,950  lb.  per  sq.  in. 
Tension  on  whole  section  due  to  direct  stress 

5j  =  P/a  =  80,000  -J-  97.2  =  —  820  lb.  per  sq.  in. 
Total  compression  in  extreme  fiber 

5  =  5i  +  5j  =  7,850  -  820  =  +  7,030  lb.  per  sq.  in. 
Total  tension  in  extreme  fiber 

5  =  5i  +  52  =  -  8,950  -  820  =  -  9,770  lb.  per  sq.  in. 
Unit  shear  is  approximately 

S  =  173,000  -r  97.2  =  1,780  lb.  per  sq.  in. 
The  allowable  unit  stress  in  compression  =  16,000  lb.  per  sq.  in.  (Spec.  $  16). 
The  allowable  unit  stress  in  tension  =  16,000  lb.  per  sq.  in.  (Spec.  §  15). 
The  allowable  unit  stress  in  shear  =  10,000  lb.  per  sq.  in.  (Spec.  §  19). 
END  CONNECTIONS  FOR  TENSION  AND  COMPRESSION  MEMBERS.--For  simpk 
connections  with  concentric  stresses  the  number  of  rivets  in  riveted  end  connections  may  be  taken 
as  equal  to  the  total  stress  in  the  member  divided  by  the  allowable  stress  on  one  rivet  for  bear- 
ing or  for  shear,  Table  114,  whichever  gives  the  larger  number  of  rivets.     Specifications  uni- 
formly require  that  the  connections  of  members  be  designed  to  develop  the  full  strength  of  the 
member.     The  minimum  number  of  rivets  in  shop  connections  should  be  two  rivets,  except  fof 
lacing  bars;  while  the  minimum  number  of  rivets  in  field  connections  should  be  three  ri\'eti, 
except  for  lacing  bars.     In  lateral  bracing  or  stiff  bracing  or  struts  the  actual  number  of  rivctt 
required  to  develop  the  full  strength  of  the  member  should  be  increased  by  two  rivets,  for  the 
reason  that  two  rivet  holes  are  almost  certain  to  be  badly  distorted  by  the  drift  pins  in  dra^ 
ing  the  member  up.     Rivets  should  be  grouped  symmetrically  about  the  neutral  axis  of  th 
member  or  the  eccentric  stresses  should  be  calculated  and  provided  for.     The  strength  of  a  stfiCr  j 
ture  depends  very  much  upon  the  strength  of  the  connections,  and  the  detaib  of  the  joints  a» 
connections  should  be  worked  out  with  great  care. 


DESIGN    OF    END    CONNECTIONS, 
«f-— }  49,  p.  58;  1 78,  §  79.  S  80,  S  81, 8  85.  p.  60;  {  40,  i  41,  p.  141 :  5  60.  §  62,  p.  142; 

5*§66,  i74,  p,  143;  i  18.  S  19.  p.  209;  §57*S39.  S4«>tP-2io;  §  4I1  §  4^.  5  5^.  P- ^u; 
174,  p,  2t2,  p.  219,  p«  223:  Tabl^  106  to  119  inclusive. 

Strut  or  Tie. — Design  the  end  connection  for  a  4"  x  4"  x  ?^"  angle,  carrying  a  stress  (either 
;  or  compressive)  of  40,000  lb.,  the  angle  being  fastened  by  both  legs  to  a  5  s  in.  plate  as  shown 
I  Fig*  2,  using  H  in.  rivets, 

SoiuHcn. — ^The  allowable  stress  on  one  Ji  in.  rivet  in  single  shear  is  5,300  lb.  and  in  bcaiiog 
t  in.  plate  is  6,750  lb.,  using  12,000  lb,  per  sq.  in.  and  24,000  lb.  per  sq.  in.  as  the  allowable 
I  tn  shear  and  bearing,  respectively.  Table  114.  The  shear  evidently  controls,  and  the 
r  of  rivets  i» 

40,000         ^       „    , 
n  =  ^  -     -  =  7.6  or  8  nveta, 
5.300 


Four  of  these  will  be  placed  in  the  main  angle  and  four  In  the  lug  angle.  In  order  to  transfer 
tJiP  proper  portion  of  the  stress  to  the  lug  angle,  the  number  of  rivets  between  the  main  angle 
kid  lug  angle  must  be  equal  to  the  number  of  rivets  in  the  lug  angle,  or  four  in  this  case. 

U  the  angle  is  connected  by  one  leg  only  the  eight  rivets  will  be  put  in  one  leg  as  shown  in 
Tig.  3. 

Pln-eoxuiected  Top  Chord.^ — Design  the  end  connection  for  the  top  chord  of  a  pin-connected 
Midge  aa  shown  in  Fig,  14,     Length  center  to  center  of  pins  =  25'  o''.     Rivets  Ji  in. 

Sdutu^n. — The  connections  should  be  designed  to  carry  the  full  strength  of  the  member  and 

vat  the  stress  that  it  carriea.     The  allowable  unit  stress  Ls/c  =  16,000  —  7o//r  =  16,000  —  70  X 

5  X  12 

^g^^  -  *  134^0  lt>*  per  sq,  in.     Total  stress  «=  13,420  X  51.84  =  695,700  lb. 

Thr  entire  stress  of  695,000  lb.  must  be  transferred  from  the  member  to  the  pin  through  the 
ates  and  wi'b  plates.  In  iJie  body  of  the  member  the  strips  b  distributed  among  the  dif- 
tufts  in  proportion  to  the  gross  area,  or  as  follows: 


o;o  0000 
0*0  o  o  00 
o«o      000 


!    ZTopLUx4xh' 


1      M**   S** 


i 


Area  ofSecthn'SL  84 in} 
Leastf^ddfas 

ofOyratkn  =8Jlin. 


Fig.  14,     End  CoNNECTio>f  of  Top  Chord. 


MateriaL 


24  in.  X  A  »Ti. 

4'^X4"X^" 

20  m.  X  f  m. 

6"  X  4"  X  \* 


Area  X  Unit  Stres  «  Total  Stress, 


15.50  X  13,420  =  181,000  lb. 

6.61  '^      =    88.900  '' 

ao.oo  **      ^  268^500  ** 

11.72        "     «  157 jqo  " 


51.84  X  1  j,42o  -  695,700  lb. 


StrvM  on  One  Side, 


90,500  lb. 

44.450 ;; 
134,250 
78,650  '' 


347,850  lb 
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The  total  bearing  area  required  on  one  side  of  the  member  is, 

24,000  -rt^'^ 

The  total  thickness  of  bearing  required  on  one  side,  using  a  6^  in.  pin,  is, 

1449 
/  «  -JLJtz  .  2.32  m. 

6.25  "^ 

This  thickness  will  be  provided  by  the  plates  A,  B,  C,  D  and  E  as  shown  in  Fig.  14.  The 
plate  B  in  the  web  and  has  a  thickness  of  H  in.  Plate  C  must  act  as  a  fill  plate  so  must  be  of  tk 
same  thickness  as  the  bottom  angles  or  ^  in.  The  outside  plate  E  and  the  inside  plate  A  sbodd 
be  thinner  than  D  so  they  will  be  made  %  in.,  and  D  will  be  made  H  in.  The  actual  thicknesflf 
bearing  is  then  2.375  in*,  and  the  required  thickness  is  2.32  in.  In  arranging  the  plates  a  dca^ 
ance  of  14  in.  should  be  allowed  between  the  plates  which  pass  around  the  pin,  and  the  nearat 
plate  as  shown  in  Fig.  14.  It  is  necessary  to  put  a  3/16  in.  fill  plate,  F,  opposite  the  top  angk 
to  make  up  for  the  difference  in  thickness  in  the  ^  in.  bottom  angle  and  the  7/16  in.  top  an^ 

The  stress  transmitted  to  a  plate  by  the  pin  is  equal  to  the  ratio  of  its  thickness  to  the  total 
thickness,  multiplied  by  the  total  stress.     The  stresses  in  the  various  plates  are  as  follows. 

Stress  in  i4  -  ^^  X  347.850  =  54.9^0  lb. 

^  -  J~  X  347.850  -  73.^40  lb. 

C  -  ^1^  X  347,850  =  9i»53olb. 

^  = —^  X  347,850  -  73.^40  lb. 

E  =  Jg|  X  347,850  -    54.920  lb. 

Total  -  347,850  lb. 

An  exact  solution  for  the  number  and  location  of  rivets  is  not  practicable.  A  common  solu- 
tion is  to  consider  that  all  the  pin  plates  transmit  their  stress  to  the  web  and  that  the  web,  in  tuni, 
distributes  this  stress  over  the  section.     This  solution  overstresses  the  web  in  the  vicinity  of  the  piB. 

A  better  solution  is  to  consider  that  the  stress  in  the  cover  plate  and  top  angles  is  transmitted 
in  double  shear  or  bearing  on  the  vertical  leg  of  the  top  angles  from  the  web  plates  and  pin  plates 
through  the  rivets  in  the  vertical  leg  of  the  angles.  The  stress  in  the  bottom  angles  is  transmitted 
in  double  shear  or  bearing  on  the  vertical  leg  of  the  bottom  angles  from  the  web  plates  and  pin 
plates  through  the  rivets  in  the  vertical  leg  of  the  angles.  The  stress  on  the  rivets  between  the 
web  plate  and  plate  C  is  equal  to  the  sum  of  the  stresses  in  C,  D  and  £,  minus  one-half  the  sum  of 
the  stresses  in  the  cover  plate,  top  angles  and  bottom  angles  on  one  side. 

The  number  of  rivets  in  the  plate  A  is  determined  by  the  stress  in  A  only,  and  is  controlkd 
by  single  shear  and  is, 

„^54i9?o^g^.^^^^^ 
7,220 

The  number  of  rivets  in  the  plate  E  is  determined  by  the  stress  in  E  only,  and  is  controlkd 
by  single  shear  and  is, 

„  =  54i9?o^g^^^^ 
7,220 

The  number  of  rivets  between  D  and  the  top  angle  and  between  B  and  the  top  angle  is  (k- 

termined  by  bearing  on  the  7/16  in.  angle  and  is, 

90,500  +  44,450  . 

If  « ■■  15  nvcts. 

9,190 

The  number  of  rivets  between  D  and  the  bottom  angle  and  between  B  and  the  bottom  angle  0r 
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'9  nvets. 


„«  781650 
9,190 

The  number  of  rivets  between  C  and  web,  5«  is  determined  by  single  shear,  and  is 

^  ^  73*-MO  -^  54^930  +  91.53Q  -  i(90.50Q  +  4445Q  H-  78.650)  ^  ^^  ^^^^ 

7,220 

End  Connections  for  I-Beams.^ — The  end  connections  for  Carnegie  I -Beams  are  given  in 

"ahlc*  117  and  118,  and  for  Bethlehem  I  and  Girder  Beams  in  Tables  156  and  157,  respectively, 

'he  end  connections  for  short  beams,  and  for  beams  carrying  heavy  loads  should  be  carefully 

^i  for  direct  and  bending  stresses.     Rivct»  should  never  be  us^-d  \i\  direct  tcnpion, 

\  \^  where  rivets  would  be  in  direct  tension  should  be  provided  with  turned  bolts. 

,;ric  Riveted  Connections. — The  actual   shearing  stresses  in  riveted  connections  are 
p  nuch  in  excess  of  the  direct  shc-aring  stresses.     This  will  be  illustrated  by  the  calcula- 

i  shearing  stresses  in  the  rivets  in  the  standard  connection  shown  in  Fig.  15,  which  is 

1  ^  loosely  bolted  to  a  column. 
The  eccentric  force,  P,  may  be  replaced  by  a  direct  force,  P,  acting  through  the  center  of 
vity  of  the  rivets  and  parallel  to  its  original  direction,  and  a  couple  with  a  moment  Af  =  P  X  J 
•  6o«ooo  in. 'lb.     Each  rivet  in  the  connection  will  then  take  a  direct  shear  equal  to  P  divided 
where  n  is  the  total  number  of  rivets  in  the  connection,  and  a  shear  due  to  bending  moment  M. 
shear  in  any  rivet  due  to  moment  will  vary  as  the  distance,  and  the  resisting  moment 
by  each  rivet  will  vary  as  the  square  of  the  distance  of  the  rivet  from  the  center  of  gravity 
all  the  rivets. 
Now*  if  4  is  taken  as  the  resultant  shear  due  to  bending  moment  in  a  rivet  at  a  unit's  difitanc:e 
the  oeoter  of  gravity,  we  will  have  the  relation, 

M  »  a(di«  -h  rfs*  +  rfi»  +  di*  +  d^) 


a  = 


The  refnainder  of  the  calculations  are  shown  in  Table  I.    The  resultant  shears  on  the  rivetft 
In  the  last  column  of  the  table  and  are  much  larger  than  would  be  expected, 
roe  and  equiUbrium  polygons  for  the  resultant  shears  and  load  P,  drawn  in  Fig.  15^ 
,  which  showi  that  the  connection  is  in  ec{uilibrium. 


TABLE  L 


Direct  Shear,  S  —  20.000  ^  5  =  4,000  lb. 

Momrnt  =  20,000  X  }  =  60,000  in. -lb.  *  aidi*  -h  dt*  -\-  d^  -\-  d^  -|-  d^ 

Where  a  *»  Moment  shear  on  rivet  3,  —  1,630  lb. 


Rivet. 


I 

% 
3 
4 
S 


la. 


2,70 
1.90 

1.00 
1.90 
a.70 


In.> 


7,29 
3.61 
1. 00 
l,6t 
7.29 


Mometit. 


19,185 

7,100 

9.500 

5,000 

2,630 

2.630 

9*500 

5,000 

I9ti85 

7»ioo 

M, 

Lb. 


aLd^  «  22,80  4  =  60,000  in. -lb. 


5. 
Lb. 


4,000 
4,000 
4*000 
4,000 
4.000 


20,000 


fl  ^  2,630  lb,  =  moment  shear  on  rivet  y, 
M  —  *hcar  due  to  Moment, 
S  *  Shear  due  to  Direct  Load,  P. 
R  —  Resultant  Shear. 


It. 

Lb. 


9,300 
3,200 
6,630 
3i200 

9,300 


£96 


THE   DESIGN   OF  STEEL   DETAILS. 


CHAF.r 


Note. — In  the  analysis  above  it  was  assumed  that  the  beam  connections  were  bolted 
that  the  bolts  would  not  transmit  tension  in  the  direction  of  their  length.  If  the  connecti( 
bolted  or  riveted  rigidly  so  that  the  bolts  or  rivets  may  transmit  tension  (rivets  should  o 
transmit  tension)  in  the  direction  of  their  length,  the  resisting  moment  thus  developed  wil 
crease  the  shearing  stresses  on  the  rivets  in  the  connection  due  to  bending  moment. 


4000    aooo    iraoo 


Force  Polygon 


StDndard  Connection 
Fig.  15.    Stresses  in  an  Eccentric  Riveted  Connection. 


Web  Splice. — The  plate  girder  shown  in  Fig.  16  is  to  be  spliced  at  a  section  where  the  ben 
moment  is  6,400,000  in.-lb.  and  the  shear  is  165,000  lb. 

Solution. — The  method  which  assumes  that  one-eighth  the  area  of  the  web  is  availabl 
flange  area  will  be  used.     The  formula  for  stress  in  the  outermost  rivet  is 

^      \\2n)   ^\i6Zd*) 
V    =  total  shear  at  the  section. 
M    =  total  moment  at  the  section. 
2n    =  number  of  rivets  on  one  side  of  the  splice. 

Xd^  =  the  sum  of  the  squares  of  the  distances  of  the  rivets,  on  one  side  of  the  splice,  fron 
neutral  axis. 
The  joint  must  first  be  designed  and  then  investigated.     The  number  of  rivets  requir 
several  rivets  in  excess  of  the  number  required  to  carry  the  direct  shear.     The  number  of ; 
rivets  required  for  shear  alone  is  determined  by  bearing  on  the  M  in.  web  plate,  and  is 

V  164,000  ,        /r,,     ,   1  \ 

„  =  _  =  __Jt! — .  =  1C.6,  (Table  114). 
r        10,500  «J    »  ^  t/ 


A  joint  with  17  rivets  spaced  as  shown  in  Fig.  16  will  be  assumed, 
simplifies  the  calculation. 

V  =  165,000  lb. 
M  —  6,400,000  in.-lb. 
2»  =  17. 
dn  =  16  in. 
Zd^  =  2(2^  +  4»  -I-  6«  -h  8«  -h  io»  -h  I2«  -f  14*  +  16^) 


An  odd  number  of  i 


1632  in.* 
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le  maximum  streaa  on  the  outside  rivet  will  I 


e  allowable  value  of  r  for  a  ^  in.  rivet  is  14,400  lb.  in  double  shear  and  10,500  lb.  in 
on  yi  in.  web  plate  (Table  114},  so  the  joint  is  satisfactory. 
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Fig.  16.    Details  of  a  Web  Splice. 


Btcd  Joints  in  Cylinder,  Pipe  or  Tank. — A  cylinder  46  in.  in  diameter  is  to  be  designed  to 
{  internal  pressure  of  100  lb.  per  sq.  in.     Compute  the  required  thickness  of  plate  and 
longitudinal  double  riveted  lap  joint  of  equal  efficiency  for  all  parts.     Reduce  to  com- 
Jimensions  and  investigate. 

Uion, — ^The  unit  stresses  allowed  by  specifications  for  tanks  are/«  =  12,000  lb.  per  sq.  in.,. 
300  lb.  per  sq.  in.,/c  =«  24,000  lb.  per  sq.  in.,  for  shop  joints. 
m  "Structural  Mechanics,"  Chapter  XVI. 

^  ^       2fc       ^ 2  X24,0(X)_ 

ft  4-  2/e         12,000  -f-  2   X  24,000 
W'D 


=  0.80 


2fi'e 
w'fv 


100  X  46 
2  X  12,000  X  0.80 
4  X  24,000 


3.1416  X  12,000 


=  0.24  in. 

X  .24  =  0.61  in. 

] 


^  ^4.000  ^  ^_^^ 


12,000 


3.05  m. 


(i6a) 

(16^) 
(i6c) 


joint  would  have  the  efficiencies  for  tension,  compression  and  shear  all  equal,  but  the 
d  not  be  obtained  from  stock  so  that  the  joint  must  be  altered  to  suit  commercial  sizes. 
e/  »  }iin.,</  =»  ^in.,p  «3in.,  and  investigate  the  joint. 


^.g:g:»^iooX46X3, 6,900  lb. 

2  2  ^^^ 

P 6,900 


ft" 
/e- 


(Jf  -  d)t      2.375  X  0.25 

P    ^  6.900 

2t'd  '"2  X  0.25X0.625  ' 

P    ^6,900 
Jirtf*  "  0.614 


=  11 ,600  lb.  per  sq.  in. 
'  22,100  lb.  per  sq.  in. 


11,200  lb.  per  sq.  in. 


(14* 
(I4fl) 

(I4« 
(14^) 
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Other  considerations  such  as  water-tightness  enter  into  the  design  of  joints;  see  Table  ii^ 
Table  I  la,  page  370  gives  the  properties  of  water  tight  joints.  By  efficiency  b  meant  the  ratio 
of  the  strength  of  the  joint  to  the  strength  of  a  plate  of  equal  thickness.  Under  effective  aectioa 
of  plates  in  Table  I  la,  page  370,  is  given  the  thickness  of  an  unriveted  plate  which  would  have 
the  same  strength  as  the  joint. 

The  most  efficient  joint  for  a  given  thickness  of  plate  is  found  as  follows:  For  single  riveted 
lap  joint  in  a  ^  in.  plate, 

J       aU     A        4  X  24,000    ,,  ^      .  ,1 

^'^•'^  3.14  Xi. .000  X  °=*5  -  0.637  m.  (ly) 

p-[i+^]<f=[.+?i;^].- 3.0^-1.911  in.  (,5fl 

p-d 
e  =  y-—  -  0.67. 

Use  %  in.  rivets  with  2  in.  pitch. 

Formulas  for  Riveted  Joints. — ^The  general  formulas  for  the  investigation  of  lap  joints  witk 
any  number  of  rows  of  rivets  are  (For  Nomenclature,  sec  Chapter  XVI.), 

P  P  P 

For  design  of  a  joint  of  maximum  efficiency, 

where  k  =  number  of  rows  of  rivets. 

For  a  butt  joint  with  a  single  strap  plate  and  a  single  row  of  rivets  the  joint  becomes  two 
single  riveted  lap  joints  and  the  formulas  for  riveted  lap  joints  may  be  used  (Structural  Mechanics 
13  and  15).     For  a  butt  joint  with  double  strap  plates  and  a  single  row  of  rivets  on  each  side. 

For  a  butt  joint  with  double  strap  plates  and  double  riveting  on  each  side, 

P  P  P 

When  a  single  strap  plate  is  used  it  should  never  be  thinner  than  the  main  plate,  and  when  double 
strap  plates  are  used  they  should  never  be  thinner  than  H  the  thickness  of  the  main  plate. 

For  data  on  riveted  joints  for  tanks  and  stand-pipes,  see  Table  I  la,  page  370. 

DESIGN  OF  LACING  BARS  FOR  COLUMNS.— It  is  difficult  to  calculate  the  bendin? 
stresses  in  a  built-up  column,  and  since  the  shearing  stresses  depend  on  the  bending  stresses  the 
design  of  lacing  bars  must  be  largely  a  matter  of  judgment  until  sufficient  tests  are  made  to 
establish  empirical  formulas.  The  following  method  gives  results  that  agree  with  tests  and  *Tth 
good  practice. 

For  a  column  with  a  concentric  loading,  experiments  show  that  the  allowable  unit  stress  may 
be  represented  by  the  straijj^ht  line  formula,  p  =  16,000  —  70 />  lb.  per  sq.  in.,  where  p  =  allow- 
able unit  stress  in  the  member;  /  =  length  of  the  member,  c.  to  c.  of  end  connections,  and  r » 
radius  of  gyration  of  the  column,  both  in  inches.     Now  the  allowable  unit  stress  on  a  short  block  P 
is  16,000  lb.  per  sq.  in.,  and  the  70 /V  represents  the  increase  in  the  fiber  stress  in  the  column- 

Now  if  we  assume  that  this  fiber  stress  is  caused  by  a  uniform  horizontal  load,  W,  then    g-  * 
,  where  /  =  moment  of  inertia  of  the  cross-section  of  the  column  =  -4  •>*,  where  i4  » the 


{ 
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area  of  the  croaa-aection  of  the  column,  and  c  ->  the  distance  from  the  neutral  axis  of  column 

W  d      70X'f*-i 
to  the  extreme  fiber  in  the  plane  parallel  to  the  plane  of  the  lacing  bars.    Then  -g—  = ; —  , 

and  W  —  560 ,    Now  the  shear  in  the  column  will  be  5  —  If /a,  and  the  shear  is  5  — 

280  — ^ ,  and  the  stress  in  a  lacing  bar  wiUl)e  »  280  —  X  esc  $,  where  9  =  the  angle  made  by 

the  bar  with  the  axu  of  the  column.  In  a  laced  channel  column  the  shearing  stress  above  will  be 
taken  by  two  lacing  bars.  This  shows  that  the  stresses  in  the  lacing  bars  in  the  column  with  a 
concentric  loading  depend  upon  the  make-up  of  the  column,  and  are  independent  of  the  length 
of  the  column. 

Mr.  C.  C.  Schneider  by  a  somewhat  different  method  has  deduced  the  same  formula  on  page 
195  of  the  Report  of  the  Royal  Commission  on  Collapse  of  Quebec  Bridge,  1908. 

If  the  column  carries  a  direct  shear  in  addition  to  the  shear  due  to  the  concentric  load,  or  if 
^he  column  has  an  eccentric  load  the  additional  shearing  stresses  must  be  considered  in  designing 
the  lacing.  The  total  stress  in  the  lacing  bar  will  be  the  total  shear  at  the  section  multiplied  by 
the  secant  of  the  angle  made  by  the  lacing  bar  with  the  axis  of  the  column. 
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PART  II. 
Structural  Tables. 


XntrodaetioiL — The  tables  in  Part  II  include  the  properties  of  simple  rolled  sections;  the 
roperties  of  compound  sections;  the  properties  of  bwilt-up  sections  for  columns,  struts  and 
^Pfds:  safe  loads  for  angles,  beams  and  channels,  and  of  angle  struts;  properties  of  rivets  and 
joints,  and  iniscdlaneous  data  for  structural  design.     It  has  been  the  aim  to  give  tables 
Rta  that  will  be  of  use  to  the  designing  engineer  and  to  the  student  in  the  designing  room 
^than  to  ^ve  ^.fe  loads,  stresses  and  other  predigesteti  data  that  may  be  used  by  the  novice, 
I  end  properties  of  sections  are  giv^n  while  safe  loads  for  columns  and  chords  have  been 
Tables  of  trigonometric  functions  and  logarithms  and  other  tables  that  are  readily 
ble  have  not  been  included.     The  tables  are  arranged  so  that  each  page  is  self-contained 
l-cxplanatory.     In  the  tables  the  properties  of  rolled  sections  are  grouped  together  for  ease 
ence,  and  are  followed  by  properties  of  built*up  sections.     The  tables  in  Part  11  are  num- 
lin  Arabic  numerals. 

1  Tables.— Tables  3,  4,  5.  13,  19,  20,  21,  22,  32,  33,  34,  35,  36,  37,  38,  39,  40,  56,  57, 
8.  59,  60.  61.  62,  63.  64.  65.  66,  67.  68,  6g,  70,  71,  72,  73,  74,  78,  79,  80,  81.  82,  83,  84,  85,  86. 
135  and  136,  covering  136  pages,  wenc  calculates!  especially  for  this  book.     The  tables 
en  calculated  and  checked  with  great  care  and  are  believe<i  to  be  accurate.     These  tables 
By  protected  by  copyright  and  are  not  to  be  copiefJ  without  permission  from  the  author. 

proF>erties  of  compound  sections  consisting  of  two  or  four  angles  or  of  two  channels, 
1  in  different  relati\'e  positions,  may  be  used  in  designing  struts,  columns  or  chords  where 
Ctions  are  held  together  by  means  of  lacing  and  tie  plates;  or  the  properties  of  built-up 
I  may  be  obtained  by  combining  the  moments  of  inertia  of  the  compound  sections  and  the 
t  of  inertia  of  one  or  two  plates  in  the  proper  rvlaiive  positions.  The  built-up  sections 
I  designed  to  comply  with  standard  specifications  and  with  the  standards  of  the  American 
I  Co.  for  rivet  spacing  and  structural  details.  To  illustrate  the  use  of  the  tables  of  coraixiund 
tn  building  up  struts,  columns  and  chords,  a  one  page  table  is  given  for  each  built-up 
\  in  common  use,  in  which  the  properties  for  the  usual  proportions  are  given  and  the  methods 
IW  oJculating  additional  values  by  using  the  key  tables  of  compound  sections  are  given.  The 
tethod  of  calculating  the  pro|x;rties  of  built-up  sections  by  using  the  moments  of  inertia  of  com* 
I  sortions  is  shown  in  Table  I. 

TAIfDARD  TABLES.— 'The  other  tables  in  Part  II  have  been  taken  from  Carnegie  Steel 
'* Pocket  Companion/'  Cambria  *' Steel,"  American  Bridge  Company's  "Book  of 
t"  and  other  sources  to  which  credit  has  been  given.     Many  of  the  copied  tables  have  been 
I  and  extended.     The  properties  of  I- Beams  in  Table  7.  properties  of  channels  in  Table 
i  and  properties  of  angles  in  Table  23  and  Table  24  were  taken  from  American  Bridge  Com- 
iwy*s  **  Book  of  Standards/'  but  have  been  checked  with  the  recent  edition  of  Carntgie's  "  Pocket 
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TOP  CHORD  SECTIONS.— The  top  chord  sections  given  in  Tables  82  to  86  were  calculated 
to  comply  with  the  standard  specifications  which  follow,  unless  otherwise  noted  in  the  tables. 

Specifications. — All  top  chord  sections  shall  comply  with  the  following  requirements. 

Thickness  of  Metal. — ^The  minimum  thickness  of  metal  shall  be  }i  in.  for  highway  bridges 
and  Ji  in.  for  railway  bridges. 

Cover  Plates. — The  cover  plate  shall  have  a  thickness  not  less  than  one-fortieth  (A)  the  dis- 
tance between  gage  lines  of  rivets  in  the  flange  angles  on  each  side  of  the  section.  The  cover 
plate  shall  always  have  the  minimum  thickness  that  will  comply  with  the  above  requirements. 

Web  Plates. — The  web  plates  shall  have  a  thickness  not  less  than  one-thirtieth  (jV)  tbc 
distance  between  gage  lines  of  rivets  in  the  flange  angles  in  the  line  of  stress.  As  much  of  the 
metal  as  practicable  shall  be  concentrated  in  the  web  plates  and  flange  angles. 

Proportions  of  Chord  Section. — There  shall  be  a  top  cover  plate  which  shall  have  a  minimum 
thickness  permitted  by  the  specifications.  As  much  of  the  metal  as  possible  shall  be  concentrated 
in  the  web  plates  and  flange  angles.  The  top  and  bottom  angles  shall  be  so  selected  as  to  bring 
the  neutral  axis  of  the  section  as  near  the  center  of  the  web  plates  as  practicable.  The  momenu 
of  inertia  of  the  section  about  the  two  rectangular  axes  shall  be  approximately  equal. 


STRUCTURAL  TABLES. 

Bars  and  Plates.  page 

1.  Areas  of  Bars  and  Plates 9 

2.  Weights  of  Steel  Bars  and  Plates 12 

3.  Moments  of  Inertia  of  Plates  about  Axis  i-i 15 

4.  Moments  of  Inertia  of  Plates  about  Axis  2-2 17 

5.  Moments  of  Inertia  of  Two  Plates  i  inch  Wide  about  Axis  X-X 18 

6.  Weights  and  Areas  of  Round  and  Square  Bars 21 

I-Beams. 

7.  Properties  of  Carnegie  I-Beams 23 

8.  Elements  of  Carnegie  I-Beams 25 

9.  Dimensions  and  Elements  of  Standard  Carnegie  I-Beams 27 

10.  Dimensions  and  Elements  of  Supplementary  Carnegie  I-Beams 27 

11.  Web  Resistance  of  I-Beams 28 

12.  Safe  Loads  and  I>eflections  for  Carnegie  I-Beams 29 

12a.     Per  cent  Reductions  for  Lateral  Deflection  in  Beams  and  Channels 30 

13.  Safe  Loads  and  Deflections  of  Supplementary  Carnegie  I-Beams 31 

Channels. 

14.  Properties  of  Carnegie  Channels 32 

15.  Elements  of  Carnegie  Channels 33 

16.  Web  Resbtance  of  Channels 34 

17.  Safe  Loads  and  I>eflections  of  Carnegie  Channels 35 

18.  Safe  Loads  and  Deflections  of  Carnegie  Channels  Laid  Flat 37 

i8a.     Coefficients  of  Deflection 37 

19.  Moments  of  Inertia  of  Two  Channels,  Flanges  Turned  Out,  Distances  Back  to 

Back 38 

20.  Moments  of  Inertia  of  Two  Channels,  Flanges  Turned  In,  Distances  Back  to  Back  40 

21.  Moments  of  Inertia  of  Two  Channels,  Flanges  Turned  In,  Distances  Inside  to 

Inside  of  Web 42 

22.  Properties  of  Two  Channels,  Flanges  Turned  Out,  Small  Distances 44 

Angles. 

23.  Properties  of  Equal  Leg  Angles 45 

24.  Properties  of  Unequal  Leg  Angles 48 

25.  Areas  of  Angles 53 

26.  Weights  of  Angles 54 

27.  Overrun  of  Pencoyd  Angles 55 

28.  Overrun  of  Pennsylvania  Steel  Co.  Angles 56 

29.  Net  Areas  and  Allowable  Tension  Values  for  Angles 57 

30.  Safe  Loads  for  Angles  with  E^ual  Legs 60 

31.  Safe  Loads  for  Angles  with  Unequal  Legs 61 

32.  Moments  of  Inertia  of  Four  Angles  with  Equal  Legs,  Axis  X-X ^^ 


Table  33. 

Table  34. 

Table  35. 

Table  36. 

Table  37. 

Table  38. 

Table  39. 

Table  40. 

Table  41. 

Table  42. 

Table  43. 

Table  44. 

^  Table  45. 


Table 

46. 

Table 

47. 

Table 

48. 

Table 

49. 

Table 

50. 

Table 

51. 

Table 

52. 

Table 

53- 

Table 

54. 

Table 

55. 

STRUCTURAL  TABLES. 

PAGB 

Moments  of  Inertia  of  Four  Angles,  Unequal  Legs,  Axis  X-X,  Long  Legs  Out..  73 

Moments  of  Inertia  of  Four  Angles,  Unequal  Legs,  Axis  X-X,  Short  Legs  Out. .  81 

Moments  of  Inertia  of  Four  Angles,  Equal  Legs,  Axis  Y-Y SS 

Moments  of  Inertia  of  Four  Angles,  Unequal  Legs,  Axis  Y-Y,  Long  Legs  Out. .  89 

Moments  of  Inertia  of  Four  Angles,  Unequal  Legs,  Axis  Y-Y,  Short  Legs  Out. .  90 

Radii  of  Gyration  of  Two  Angles  with  E^ual  Legs,  Both  Axes 91 

Radii  of  Gyration  of  Two  Angles,  Unequal  Legs,  Both  Axes,  Long  Legs  Out. ..  92 

Radii  of  Gyration  of  Two  Angles,  Unequal  Legs,  Both  Axes,  Short  Legs  Out. . .  93 

Safe  Loads  of  Single  Angle  Struts,  Equal  Leg  Angles 94 

Safe  Loads  of  Single  Angle  Struts,  Unequal  Leg  Angles 9$ 

Safe  Loads  of  Two  Angle  Struts,  Axis  i-i ;  E^ual  Legs  and  Unequal  Legs  with 

Long  Legs  Turned  Out - 96 

Safe  Loads  of  Two  Angle  Struts,  Axis  2-2;  Equal  Legs  and  Unequal  Legs  with 

Long  Legs  Turned  Out 9* 

Safe  Loads  of  Two  Angle  Struts;  Equal  Legs  and  Unequal  Legs  with  Short  Legs 

Turned  Out loi 


Miscellaneous  Sections. 

Properties  and  Elements  of  Z-Bars V^ 

Elements  of  Carnegie  Equal  Tees I<H 

Elements  of  Carnegie  Unequal  Tees 105 

Elements  of  A.  S.  C.  E.  and  Light  Rails 106 

Elements  of  Carnegie  Bulb  Beams 107 

Elements  of  Carnegie  Bulb  Angles 107 

Elements  of  Carnegie  H-Beams 108 

Carnegie  Trough  Plates I09 

Carnegie  Corrugated  Plates no 

Buckle  Plates ni 


Table  56. 

Table  57. 

Table  58. 

Table  59. 

Table  60. 

Table  61. 

Table  62. 

Table  63. 

Table  64. 

Table  65. 

Table  66. 

Table  67. 

Table  68. 

Table  69. 

Table  70. 

Table  71. 

Table  72. 


Properties  of 
Properties  of 
Properties  of 
Properties  of 
Properties  of 
Properties  of 
Properties  of 
Properties  of 
Properties  of 
Properties  of 
Properties  of 
Prop)erties  of 
Prop)erties  of 
Properties  of 
Properties  of 
Properties  of 
Properties  of 


Columns  and  Struts. 

Three  I-Beams "^ 

Two  Channels  Laced,  Flanges  Turned  Out 1^3 

Two  Channels  Laced,  Flanges  Turned  In "4 

Two  Channels  and  Two  Plates ^^5 

Two  Channels  and  One  I-Beam,  Flanges  Turned  Out ^^ 

Two  Channels  and  One  I-Beam,  Flanges  Turned  In '^7 

Two  Channels  and  One  Built  I-Beam,  Flanges  Turned  Out 1** 

Two  Channels  and  One  Built  I-Beam,  Flanges  Turned  In "9 

One  Channel  and  One  I-Beam i^ 

One  Channel  and  One  Built  I-Beam ^^^ 

One  Channel  and  One  Angle >^^ 

Two  Angles  and  Four  Angles  Starred ^^3 

Four  Angles  Laced J^ 

Four  Angles  and  One  Plate  (Built  H) "5 

Four  Angles  ^nd  Three  Plates  (Built  H  with  Covers) >^ 

Four  Angles  and  Two  Plates  Laced  (Two  Built  Channels  Laced).  1*7 
Four  Angles  and  Four  Plates  (Two  Built  Channels  and  Two  Plates)  13^ 
4 


STRUCTURAL  TABLES. 

PAGE 

k  73-    Properties,  of  Four  Angles  Laced  and  Eight  Angles  Battened 134 

»le   74.    Properties  of  Eight  Aisles  and  Three  Plates  (Two  Built  Channels  and  One  Built 

I-Beam) 135 

)le  75.    Properties  of  4  Z-Bars  and  Three  Plates 136 

Top  Chord  Sections. 

lie  77.    Top  Chord  Sections  of  Two  Angles  and  One  Web  Plate 137 

>le  78.  Top  Chord  Sections  of  Two  Angles  and  One  Cover  Plate,  Legs  Turned  Out. . .  139 

>le  79.  Top  Chord  Sections  of  Two  Angles  and  One  Cover  Plate,  Legs  Turned  In. . . .  140 

lie  80.    Top  Chord  Sections  of  Two  Angles,  One  Web  Plate  and  One  Cover  Plate 141 

k  81.     Top  Chord  Sections  of  Two  Angles,  Two  Web  Plates  and  One  Cover  Plate 142 

»le  82.     Top  Chord  Section  of  Two  Channeb  and  One  Plate 143 

»le  83.    Top  Chord  Sections  of  Four  Angles  and  Three  Plates;  Highway  Bridges 146 

te  84.    Top  Chord  Sections  of  Four  Angles  and  Three  Plates 156 

»le  85.     Top  Chord  Sections  of  Six  Angles  and  Three  Plates 184 

k  86.    Top  Chord  Sections  of  Eight  Angles  and  Five  Plates 203 

Plate  Girders. 

k   87.     Properties  of  Plate  Girders 204 

k  88.    Centers  of  Gravity  of  Plate  Girder  Flanges 205 

Details  for  Bars. 

k  89.  Upset  Screw  Ends  for  Square  Bars 206 

tie  90.  Upset  Screw  Ends  for  Round  Bars 207 

k  91.  Ordinary  and  Adjustable  Eye-Bars 208 

tie  92.  Loop  Bars 209 

k  93.  Clevises 210 

•le  94.  Tumbuckles  and  Sleeve  Nuts 211 

Pins,  Bolts  and  Nuts. 

k  95.  Bridge  Pins  and  Nuts 212 

•le   96.  Cotter  Pins 213 

tie   97.  Bearing  Values  of  Pins 214 

lie   98.  Bending  Moments  on  Pins 215 

•le   99.  Long  Pilot  Nuts 216 

le  100.  Short  Pilot  Nuts 217 

k  loi.  Standard  Screw  Threads  and  General  Dimensions  of  Bolt  Heads  and  Nuts. ...   218 

•le  IQ2.  Dimensions  of  Bolt  Heads  and  Nuts 219 

fe  103.  Weights  of  Bolts  with  Hexagon  Heads  and  Nuts 220 

•le  104.  Weights  of  Bolts  with  Square  Heads  and  Nuts 221 

le  105.  Lengths  of  Bolts  and  Tie  Rods 222 

Rivets  and  Rivbting. 

le  106.    Weights  of  Rivets 223 

le  107.    Lengths  of  Rivets  and  Bolts  for  Beam  Framing 224 

le.iqS.    Lengtbi  of  Field  Rivets  for  Various  Gripe ar" 

5 


STRUCTURAL  TABLES. 

PAa 

Table  109.  Standards  for  Rivets  and  Riveting 226 

Table  1 10.  Standards  for  Riveting 22y 

Table  1 1 1.  Standards  for  Riveting 22! 

Table  112.  Standards  for  Riveting 219 

Table  1 13.  Standards  for  Riveting 23P  ' 

Table  1 14.  Shearing  and  Bearing  Value  of  Rivets 231 

Table  115.  Multiplication  Table  for  Rivet  Spacing 232 

Table  116.  Areas  to  be  Deducted  for  Rivet  Holes 234 


Beam  and  Lateral  Connections. 

Table  117.    Old  Standard  Connections  for  Beams  and  Channels .235 

Table  1 18.     Standard  Connections  for  Beams  and  Channels 236 

Table  1 19.     Beveled  Beam  Connections 237 

Table  120.    Sway  Rod  and  Lateral  Connections 23S 

Table  121.    Lateral  Connections  for  Highway  Bridges 239 

Table  122.    Lateral  Connections  and  Stub  Ends 240 


Miscellaneous. 

Table  123.  Lag  Screws,  Hook  Bolts  and  Washers 241 

Table  124.  Weights  of  Lag  Screws,  Wrought  Washers,  Track  Bolts 242 

Table  125.  Weights  of  Steel  Wire  Nails  and  Spikes 243 

Table  126.  Weights  of  Nails  and  Spikes 244 

Table  127.  Weights  and  Dimensions  of  Pipe  and  Pipe  Coupling 245 

Table  128.  Standard  Gages,  Comparative  Table 247 

Table  129.  Standard  Gages  and  Weights  of  Sheet  Steel 248 

Table  130.  Clearance  Dimensions  and  Wheel  Loads  for  Electric  Cranes 249 

Table  131.  Clearance  Dimensions  and  Wheel  Loads  for  Electric  Cranes 250 

Table  132.  Crane  Girder  Sf)ecifications 251 

Table  133.  Typical  Hand  Cranes 252 

Table  134.  Stress  in  Eye-Bars  Due  to  Weight 253 

Table  135.  Safe  Uniform  Load  on  Square  Flat  Plates 254 

Table  136.  Approximate  Radii  of  Gyration  for  Compression  Members 255 

Table  137.  Details  of  a  Steel  Stair 256 


Bethlehem  Sections. 

Table  151.  Properties  of  Bethlehem  I-Beams 257 

Table  152.  Properties  of  Bethlehem  Girder  Beams 25B 

Table  153.  Properties  of  Bethlehem  H-Columns 259 

Table  154.  Properties  of  Bethlehem  Compound  Columns 261 

Table  155.  Elements  of  Bethlehem  I-Beams  and  Girder  Beams 262 

Table  156.  Standard  Connection  Angles  for  Bethlehem  I-Beams 263 

Table  157.  Standard  Connection  Angles  for  Bethlehem  Girder  Beams 264 

Table  158.  Cast  Iron  Separators  for  Bethlehem  Girder  and  I-Beams 265 

Table  159.  Safe  Loads  on  Bethlehem  I-Beams 266 

Table  160.  Safe  Loads  on  Bethlehem  Girder  Beams 267 

6 


STRUCTURAL  TABLES. 

Mathematical  and  Miscellaneous.  page 

t  i6i.    Decimal  Parts  of  a  Foot  and  Inch 268 

5 162.    Table  of  Bevels 269 

i  163.    Ordinates  for  16'  o"  Chords 270 

!  164.    Natural  Tangents /. 271 

1 165.    Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers 272 


■ 

^^^^^^                                                                    ^^^^^^^^^^^1 

Hi 

^^^^^^B                                    OF                  AND    PLATBS.                         ^^^^^^^^^^^^^^^^I 

^^ 

Square  Inches, 

^^ 

tap 

In 

Ttuckaess,  Inches. 

A 

* 

A 

1 

A 

1 

^ 

1 

A 

1 

H 

1 

H 

1 

H 

^ 

i 

.016 

JO03 

.047 

.063 

.078 

.094 

,109 

-125 

.141 

.156 

.172 

.188 

.203 

.21 

.23 

.25 

1 

,031 

.094 

.125 

.156 

.188 

.219 

.250 

.281 

-313 

-344 

.375 

.406 

.44 

47 

•50 

1 

:StI 

X)94 

.141 

.188 

'234 

.281 

.328 

-375 

422 

469 

.516 

.563 

.609 

.66 

.70 

75 

\ 

*I15 

.188 

^250 

•313 

'375 

438 

.500 

.563 

.625 

.688 

.750 

.813 

.88 

•94 

1.00 

tr 

.07^ 

*iSfi 

■^34 

,313 

391 

469 

'547 

.625 

-703 

-781 

.859 

,938 

1.016 

1.09 

K17 

1-25 

I: 

004 

.188 

.181 

-375 

469 

.563 

.656 

■750 

.844 

-938 

1.031  1. 125 

1.219 

131 

141 

1.50! 

II 

tog 

.219 

.128 

43S 

•547 

.656 

.766 

.875 

.984 

1.094 

1.203  1.313 

1.422 

1-53 

1.64 

i.7S 

I 

,t25 

.250 

•375 

.SCO 

.625 

.750 

.875 

1,000 

1. 125 

1,250 

1.375  1.500 
1 

1.625 

1-75 

1.88 

2.00 

1 

.141 

-2SI 

421 

.563 

.703 

.844 

.984 

1.125 

1.266 

1.406 

1.547V688 

1.828! 

1.97 

2.11 

2.25 

Li56 

•5«3 

46? 

.625 

781 

.938 

1.094 

1.250 

1.406 

1-563 

1.7191.875 

2.031 

2,19 

2.34 

2.50 

I.I73 

.344 

.516, 

.688 

^859 

1.03 1 

1.203 

1.375 

1-547 

1.719 

1.891  2,063 

2.234 

241 

2.58, 

2.75 

I.I88 

-575 

.563 

7SO 

.938 

1,125 

1.313 

1,500 

1.688 

1.875 

2.063  2.250 

2.438 

2.63 

2.81 

3.00 

.ao3 

.406 

.609 

,813 

1.016 

1,219 

1,422 

1,625 

1.828 

2,031 

2.234  2438 

2.641 

2.84 

3.05 

3.25 

.a  J  9 

^438 

.6:;6 

.875'1.094(I-313 

1.531 

1.750 

i*96q 

2.188 

2,406  2.625 

2.844 

3.o^> 

3.28 

3.50 

-aj4 

•469 

•703 

.938  Ki72|r4o6 

1. 64 1 

1.875 

2.109 

2.344 

2.5782.813 

3.047 

3.28 

3.52 

3.75 

,aSO 

.500 

.750 

1. 000 

1,250 

1.500 

1.750 

2,000 

2.250 

2.500 

2.7503.000 

3,250 

3'SO 

375 

4.00 

, 

.266 

-51* 

.797 

1,061 

1.328 

1-594 

1.859 

2.125 

2.391 

2.656 

2.922 '3.188 

3-453 

372 

3,98 

4.25 

.zBi 

^563 

.844 

1.125 

t.406 

1.688  i.969 

2.250 

2531 

2.813 

3 -094' 3 -3  75 

3.656 

3.94 

4.22 

4.50 

•^97 

.594 

.891 

m88 

1.484 

1. 781  2.078 

2-375 

2.672 

2.969 

3.2663.563 

3.859 

4.16 

445 

4  75 

•1*3 

-615 

'938 

1.250 

1.563 

1.875 

2.188 

2.500 

2.813 

3.125 

3-438,3.750 

4.063 

4.38 

4.69 

5.00 

•3*8 

.656 

.984 

<.3'5 

1. 641 

1,969 

2.297 

2.625 

2,953 

3.281 

3.609,3.938 

4.266 

4-59 

4.92 

5.25 

•544 

-68R 

roji 

'■375 

[.719 

2.0O3 

2,40^> 

2.750 

3.094 

3.438 

3.781  4-125 

4-469 

4.81 

5.16 

5.50 

•359 

-7»9 

1.078 

1458 

1.797 

2.156 

2.516 

2.875 

3234 

3-594 

3.9534.313 

4,672 

5.03 

539 

575 

•375 

*7SO 

t.I2S 

1.500  1.875 

2.250 

2.625 

3.000 

3.375 

3.750 

4.1254.500 

4.875 

5-25 

5.63 

6.00 

39i 

.7«i 

1. 172 

t.563  1*95^ 

2H4 

2734' 

3.125 

3516 

3.906 

4,2974.688 

5.078 

5.47 

5,86 

6,25 

.io6 

.^  ' 

i    -  1   .. 

1.6:5  2-ou                 44 

3.250 

5.656 

4.063 

4.469V875 

5.2S1 

S.69 

6.C39 

6.50 

«|^a 

i,68S'2.ic«.. 

3-375 

3-797 

4.219 

4.641:5.063 

5-484 

5-91 

6.33 

6,75 

-43» 

.*>/^ 

*  -  .1  ^  3 

i.750|2,iH>.^....,^v^.3 

3.500 

3.938 

4.375 

4.813:5.250 

5.688 

6.13 

6.56 

7.00 

-453 

.906 

t.3S5 

1,813  2.266 

2,719 

3.172 

3.625 

4.078 

4.531 

4.9a4'5.438 

5.891 

6.34 

680 

7.25 

^69 

.9;^ 

1406 

1.875  2.344 

2.813 

3.281 

3.750 

4-219 

4.688 

5,1565.625 

6.094 

6.56 

7.03 

7.50 

-4»4 

.969 

145.1 

r.93^ 

2.422 

2.906 

3-191 

3.875 

4-359 

4.844 

5-3285813 

6.297 

6.78 

7.27 

775 

•Soo 

I.CXX> 

1,500 

2.000 

2.500 

3.000 

3-SOO 

4.000 

4.500 

5.000 

5.5006.000 

6.500 

7.00 

750 

8.C0 

1 

.516 

I. oil 

T.:^7 

-  1        ,J          I    - 
:i.o^i  2  :7S  i,i3<j.i  iJ>09 

4,125 

4.641 

5.156 

5.672'6.i88 

670' 

7.22 

7-73 

8.25 

1 

•53« 

1 

1 '.) 

4.250 

4.781 

5.313 

5.844'6.37S 

6.90<i 

744 

7.97 

8.50 

11 

-547 

t 

■;                      -^iH 

4-375 

4.922 

5.469 

6.0166.563 

7.iot) 

7.66 

8.20 

8.75 

i 

.|63 

t.iaS 

i.68S  i.i5Q|i,Si3  3,375  3^938 

4.500 

5-063 

5.625 

6.1886.750 

7-313 

7.88 

8,44 

9.00 

Jl 

.«>7« 

l.T-' 
I 

>3I>.I25 

7.516 
7719 

8.09 
8.31 

8.67 
8.91 

9.25 
9.50, 

rt    l«^09 

1,^- 

-■..     .■-^,..-    .-  .--   ,.-   ..  .   ,-.  •.,   ■-  ..  ■.'-703  7.?JV 

7.922 

8.^3! 

914 

975 

l.250ji,S75  i.50O|l-i25  3-7$o 4-375  S-ox) 

S.625  6.250|6.875  7.500|8.i25 

8.751 

9.38, 

10.00 

,     I  .-  . . 

—  ^'— -'--^'^J28 

8.97 

9.61  10.25 

. 

^•531 

9.19 

9.84  10.50 

^'4         1     ■        ^ 

.   ^  ,-f  - .  -  •■                 .  ,  ,  _^  -  ,  ■ ,  ^  / .  ,  ,  ,  /  , 

.-.,      .^-.  -  ..^  --  .,^734 

941 

to.o8|ro.75 

it       |.6811 

|l.375|2^or>3|275c*,543«|4^i25|4**i3|5.5a> 

6ab8fCj.87s  7,563  8.250|8.938 

9.63 

10.3  III  1.00 

-  Q..  .  -»/.!.  ...J.  .-..J.  .-.,- 

^V,,c   ,.-.,.' 0    .,t.  .-.  *.. 

-  ""'t  to.55|ii.25 

1   1 

10.78  T  1.50 

1    •    «                         .        T    • 

,  --,    ,  -  -           .    ■    ,     ;  -  -^ ^  .     .. ..  !-^  ^   ,.  ^."  ,  -.-,,.  .^.^    ._;     ■..:,.   ..;-j. 

11,02  If. 7; 

U                   1        750 

i  1,500  3.250  ^co?  1.750  4.5C>D|5.250]o.oc)0|rj750|7, 50018, 250  9,ooo[07';o 

10.50  IT. 25  li.OO 

^ 

40 

9 

J 

TABLE  1.— Continued. 
Areas  of  Bars  and  Platbs. 


Square  Inches. 


Width, 

Thlcknaa,  locbea. 

.78  s 

i 

A 

* 

A 

1 

A 

i 

A 

1 

** 

i 

H 

i 

H 

I2| 

i^5<53 

3^344 

3-13 

3'9< 

4-6g 

5.47 

6.25 

7.03 

7.81 

8.S9 

9.38 

10.16 

10.94  1 172 

'^ 

.81J 

1.625 

2.438 

3^25 

4.06 

4.88 

S-69 

6.50 

7^1 

8.13 

8.94 

9-75 

10.56 

11.38  12. If 

Hi 

.844 

t.688 

2.531 

308 

4-22 

5.06 

5.91 

6.7s 

7-59 

8.44 

9.28 

10.13 

10.97 

11.81 

liM 

H 

^87S 

"750 

2.625 

3^50 

4^8 

S-25, 

6.13 

7.00 

7.88 

8.75 

9.63 

10.50 

11.38 

11.15 

13.13 

Hh 

.go5 

1.813 

2.719 

3^63 

4-53 

S-44 

6.34 

7-25 

8.16 

9.06 

9^97 

10.88 

11.78 

12-69 

il-SS 

'\ 

.938 

1.875 

2,813 

375 

4.69 

S^6^ 

6.56 

7.50 

8.44 

9-38 

10,31 

11.25 

12.19 

13.13 

14-cf 

isi 

.96g 

1.938 

2.906 

$SB 

4.84 

|.8i 

6.78 

7.75 

S.72 

9.69 

10.66 

U.63 

12,59 

13.56 

14-53 

16 

1. 000 

2.000 

3.000 

4.00 

S.00 

6.00 

7.00! 

a.oo 

9.00 

10.00 

11.00 

12.00 

13.00 

14.00 

IS.OC 

i6i 

1.031 

2.063 

3.094 

413 

5.16 

6.19 

7.22 

S.25 

9.Z8 

10.31 

11.34 

12.38 

1341 

14-44 

154/ 

17. 

1.063 

2.125 

3.188 

4.25 

S'3^ 

6.3  s 

7^44 

8.50 

9.56 

10.63 

11.69 

t2.75 

13.81 

I4J8 

iS-9^ 

I7i 

KO94 

1.188 

3.381 

4-38 

547 

6.56 

7.66 

875 

9.84 

10.94 

12.03 

13-13 

14.22 

15-31 

1641 

iS 

1,I2S 

1.250 

3'37S 

4.50 

S-63 

675 

7-88 

9.0Q 

10.13 

11.25 

12.38 

13-50 

14.63 

15-75 

16M 

iSi 

1.156 

1.313 

3-459 

463 

57B 

6.94 

S.09 

9-25 

10.41 

11.56 

12.72 

13.&& 

15.03 

16.19 

17.34 

19 

1.188 

i.375 

3.563 

4.7s 

5^94 

7.13 

8.3 « 

9.50 

to.69 

11.88 

13.06 

14.25 

15.44 

16.63 

17.8  r 

I91 

I.J19 

2.43S 

3.656 

4.88 

6.09 

7.3' 

8.S3 

9-75 

10.97 

12.19 

13-41 

14-63 

!  15-84 

17.06 

l8.2t 

20 

1.250 

2.500 

37SO 

5.00 

6.25 

7'50 

8.75 

10.00 

11.25 

12.50 

1375 

15.00 

16.25 

17.50 

1S.7S 

30j 

1.281 

2.563 

3-844 

S'i3 

641 

7.69 

8.97 

10.25 

M.i3 

u.Si 

14.09 

15^8 

16.66 

17.94 

19.2a 

2t 

1313 

2.625 

3.938 

S.25 

6.56 

7JS 

9.t9 

10.50 

It. 81 

13.13 

14.44 

15.75 

17.06 

18.38 

19.6r, 

111 

A-344 

2.63S 

4.031 

5^^^ 

672 

8,06 

941 

10.75 

12,09 

13-44 

1478 

16.13 

17-47 

]8.8i 

2o.ie 

31 

1^375 

2750 

4.125 

SSo 

6,38 

Bas 

9.63 

U,OQ 

13.38 

13-75 

15-13 

16.50 

17.86 

19.15 

2a63 

111 

1406 

2.813 

4.219 

S.63 

7'03 

8.44 

9.84 

11.25 

12.66 

14,06 

15-47 

16.88 

18.28 

19,69 

21.09 

21 

143^ 

2.875 

4-313 

575 

7-19 

8.63 

10.06 

11.50 

12.94 

14.38 

15.81 

17.25 

18.6920.13 

21.56 

23i 

i46> 

2.93^ 

+.406 

SM 

7.34 

8,8j 

10.28 

n75 

13.22 

14-69 

16.16 

17-63 

19.0920.56 

22.03 

^4      1 

1.500 

3,000 

4.500 

6.00 

7.50 

9.00 

lo-SO. 

12,00 

13.50 

15.00 

16.50 

18.00 

19.50 

21.0022.50 

^ 

1.563 

3.125 

4.688 

6.25 

7-81 

9.38 

10.94' 

12.50 

14.06 

15-63 

17.19 

18.75 

20.31 

21.881344 

z6 

1.61s 

3.250 

4.S75 

6.50 

8.13 

975 

"-38, 

13.00 

[4.63 

16,25 

17.88 

19.50 

11.13 

22.75 

24.3S 

27 

I  MB 

3-37S 

5.063 

675 

8.44 

10.13 

11.81 

13.50 

15.19 

16.88 

1H.56 

20,25 

21.94 

23.63 

25.31 

28 

1.750 

3.500 

5.250 

7.00^ 

875 

10.50 

11.25 

14.00 

157s 

17.50 

19.25 

21. 00 

2275 

24,50 

26-:s 

19 

1.S13 

3.625 

5438 

7-25 

9.06 

10J8 

11.69 

H-50 

16.31 

18.13 

19-94 

21-75 

23.56 

25.3S 

27.19 

30 

IMJS 

3-750 

5.625 

7.50 

9-38 

11.25 

13-13 

15.00 

16.88 

18.75 

20.63 

22.50 

14.38 

26.25  ^28.  ij 

3t 

[.93S 

3-875 

5.813 

775 

9.69 

n.63 

13.56 

15.50 

J7.44 

19.38 

21.31 

23.25 

25-19 

27.1329.0(3 

32 

2.000 

4.000 

6.0D0 

8.Q0 

10.00 

12.00 

14.00 

16.00 

iS.oo 

20.00 

22.00 

24.00 

26.00 

2S.ooj3o.00 

33 

2.063 

4.125 

6,188 

8.25 

10.31 

12.3S 

14.44 

16.50 

18.56 

20.63 

22.69 

24-75 

26.81 

ig.88  30.94 

34 

2.115 

4.250 

6.375 

8.50 

10.63 

12.75 

I4.8S 

17.00 

19.13 

21.25 

13.38 

25.50 

27.63  2975^3 1  ?^ 

^1 

z.iftS 

4^375 

6.563 

875 

10.94 

13.13 

15-31 

17.50 

19.69: 

21.88 

24.06 

26.25 

28.44.30.63I32.81 

36 

2.250 

4.500 

6.750 

9.00 

U.25 

1 3 -SO 

15.75 

18.00 

20.25 

22.50 

24-75 

27.00 

29^25  3i.5o|33.7! 

37 

2.313 

4.625 

6.938 

9.25 

11.56 

13.88 

16.19 

18.50 

20.81 

^3.13 

25.44 

27.75 

30.06 

3i.38i34-6; 

3« 

2-375' 

4.7'^'^ 

7.125 

9-50 

iiM 

14.25 

16.63 

ig.oo 

^21.38 

23.75 

26.13 

28.50 

30.88 

33-2S;35-6j 

39 

243« 

4-875 

7-313 

975 

12.19 

14.63 

17.06 

19.50 

51.94 

24.38 

26.81 

29.25 

31.69 

34-l3;3M 

4Q 

2.500 

5.000 

7.500 

10.00 

12.50 

15.00 

1750 

20.00 

22.50 

25.00 

27.50 

30.00 

32.50 

35.00 

37.50 

41 

2.563 

5.125 

7.688 

10.25 

12,81 

15.38 

17.94 

20.50 

23.06 

25.63 

28.19 

3075 

33-31 

35.88 

3B.44 

4^ 

2.655 

5.250 

7.87s 

10.50 

13.13 

1575 

1 8.1 8 

21.00 

23.63 

26,25 

28.88 

31.50 

34-13; 

367s 

39-3S 

43 

2.688 

5-3  75 

8.063 

10.75 

13-44 

16.13 

18.81 

21.50 

24.19 

26.S8 

29.56 

32.25 

34.94 

37.6340-31 

44 

2.750 

5.500 

8.250 

11.00 

1375 

16.50 

19.25 

22.00 

2475 

27.50 

30.25 

33-00 

35-75 

38*50  4i-25| 

H 

2.8  ti 

5.625 

8438 

n.25 

14.06 

16,88 

19.69 

22.50 

25.31 

28.13 

30.94 

33.75 

36.56 

39.38  42-19, 

46 

2.875 

5750 

S.625 

11.^0 

14-18 

»7-25 

20.13 

23.00 

25.S8 

28.75 

31.63 

34-50 

37.38 

40.25  43.141 

^^ 

2.938 

S*87S 

8.813 

11. 75 

14.69 

17.63 

20,56 

23,50 

26.44 

29.38 

32.31 

35.25 

38.19 

4113 

H^ 

48 

3.000 

6.000 

9-000 

12.00 

15.00 

18.00 

21.QO 

24.00 

27.00 

30.00 

33.00 

36.00 

39.00  42 .00  45  00; 

\^ 


TABLE  l.^Cominued. 
A&EAs  OF  Bars  avd  Plates, 


Square  Inchf.s 


Thicknefta,  Inches. 


A 

1 

A 

i 

A 

-   i 

jx6 

..            ',..s 

I5.3« 

18.38 

3.»3 

t                  -SO 

iS-63 

I»75 

S«9 

6.5 >!    7-5" 

i;:7S'»5-94 

19*1 

J..S 

6,5o|  9.7s 

i5.oo[i6.25 

19.50 

I 


5.50 

156 

5^ 
|.7S 
3J1 
5J8g 

S<^ 
4.00 

4  ' 
4,1 

425 
45* 
4t« 

4.44 
4^50 
456 

467 

4*7S 
4.^1 

4.K8 

4-94 
5,00 

5jo6 


7,0o|  10.501 14^  17.SOJ; 

7^'  -^"''m  -'^- 


7-..  ,    '       ■  :  . 

7.50  ll.;35  15.00 
7,63  11.44  1525 
7.75  I  1^63  15.50 
7.88  11.81  15,75 
6jOO  12,00  t6.00|20.00 

f?  TVt2.tO  t^'.2^j20.3I 
0.63 
0,94 


1^75 
19.06 

19.3^ 
19.69 


8.63 

«75 
8.88 
9.00 

9.25 
9-^8 
9.50 

9-63 
975 
9.88 
10.00 


17,00 

17^25 

17.50 


12 

13.50I18.00 
15 


;l,2S 
21,56 


177^:2;. iQ 


I 


,69118.2s 

u:-:    iQ   -r, 


22.50 
22.81 
M.I3 

1  44 

..  -        -3.75 

44119,2524.06 

.63  19.5024.38 

81  I9.7^l24.6c^ 


24.50 
25.00 
25,50 
26,00 
6,50! 
27.00 
27.50 
28.00 
28.50 
29.00 
29.50 
30.00 

30.50 
31.00 
31.50 
32.00 

32.50 
33.00 
33  SO 
34.00 

34.50 
35.00 

3.V50 
36.00 

3<'^'50 
37,00 

37.50 
38.00 

3S.50 
19.00 

39^50 
40,00 

4050 
41.00 
41.50I 
42.00 
42.50 
43.00 
43  50 
44.00 

44^50 
45.00 
45.50 
46.00 

46.50 
47.00 
47.50 
48.00 


f 


27.56 
28.13 
28.69 
29.25 
29.81 
30.3B 
30.94 
31.50 
32.06 
32.63 
33J9 
35.7s 

34.3 « 
34.88 

35  44 
36.00 

36.56 

37.13 
37.69 
38.25 
38.81 
39.5S 


HI        H       i 


30.63 
31.25 
31.88 
32^50 

33.13 
33.75 
34*38 
35.00 

35.63 

^6.8H 
37.50 
38.13 
3875 

39.3  s 
40.00 

.fO,6i 
41 

4' 

42.50 

43.13 
43.75 


33. 69536.75 

34.38,37.50 

35,o6|3S.2S 

39.00 

3975 
40.50 
41.25 
42.00 

4275 


35-75 
36.44 
37-n 
37.81 
38.50 

39.19 
398H'43.SO 


40.50 
41.25 

41.94 
42.63 

43.31 


44-^5 
45.00 

4S75 
46.50 

47.^5 


39.9444.38 


40,50 
4t.o^j 
41.63 
42  10 
4^75 

45.3' 
43.S8 

44.44 
45.00 

4556 
46.13 
1 46.69 
47.25 
47.81 
48.38 
48.94 
49.50 

50.06 
50.63 
51.19 
51-75 
52.31 
52,88 
55.44 


45  00 
45.63 
46.25 
46,88 
47.50 

48.13 
4875 
49.38 
50.00 

50.63 
51.25 

51.88 
52.50 

S3. 13 
5175 
54.38 
55.00 

55.63 
56.25 
56.88 
S7*S0 
S8.n 
58.75 
59.38 


44.0048.00 

-50 

4'^'75,5i'0O 

47,4415175 
48,13152,50 
4881 '53,25 
49.50,54.00 

50.1915475 
50,88155.50 
!;i,56  '=i6.25 

52,25157.00 

52,94577s 
53.63  58.50 

54-31  59.25 
5  5. 00 1 60.00 

55,69160.75 
56.3861. 50 
57,06.62.25 
57.7563.00 
58.4463,75 
59.1364.50 
59.8165,25 
60.5066,00 
61.19J66.75 
61,86,67.50 
62.56168.25 
63,25169.00 


75,50.00 


54.0060,00 
=  *  ^6|6o.63 

1161.25 
:9  61.88 

j56.2562.SO 


39.81 
40.63 
4**44 
42-25 
43.06 
43.88 
44.69 
45-50 
46.31 
47.13 
47.94 
48.7s 
49.56 
50.38 

51.19 
52.QO 

52.81 
53.63 
54.44 
SS.25 
56.06 
56.88 
57.69 
58.50 

5931 
60.13 
60.94 
61.75 

62.56! 
63.38 
64.19 
65.00 
65.81 
66,63 

67.44 
68.25 

69,06 
69.88 
70,691 
71.50 
72,3  ij 
73''3 
73.94 
74.75 
75.56 
76.38 

77.19 
78,00 


42.88 

43-75 
44^63 

45-50 
46.38 
47.25 
48.13 
49.00 

49.88 

50.75 
51,63 

52.50 

55.38 

54-25 


U 


55-13 
56.00 

56.88 

57-75 
58.63 
59.5063 
60.38  64 
61.25 '65 


62.13 
63.00 
63.88 

6475 
6  5;. 61 
66.50 
67.38 
68.25 
69.13 
70,00 
70,88 

71.75 
72.63 

73-50 
74^5879, 
75.2580, 
76.13  81 

82. 


49.00 
50.00 
51.00 
52.00 
53.00 
54.00 
55.00 
56,00 

57.00 
58,00 
.  59.00 
.25  60,00 
1961.00 
.13I63.OO 
1.0663.00 
1.00.64,00 

►.94 '65 .00 
,88.66.00 
.81167.00 
.75I68.00 
X*q  69.00 
,63  70,00 
.5671,00 
,50172.00 
.4473.00 
.3874.00 

^3 1  75.00 

,25  76.00 


77.00 
77.88 
78.7s 
79.63     ^ 
80.5086 

81.38  87 
82.25  88 
83.1389, 
84.0090, 


63.946975 
64.63  70.50 
65. 3T  71.25 

66,00  72,00| 

66Y-»- 

67 

68.._^  ,.. 
687S|75.ooJ8i.25j87.50^->j 


77.00 

78.00 

79.00 

80.00 

,94  81,00 

,88182.00 

,81  83.00 

.758400 

,6985.0b 

,63  86.00 

,5687.00 

.5088.00 

.4489.00 

.38:90,00 

.31191,00 

1.25  92.00 

19193,00 

13  94.00 

.06I95.00 

.O0j96.oo 

'-If '07,00 

/8,oo 

;9.00 

,751 100.0 


I 


I 

4 


TABLE  2. 
Weights  of  Steel  Bars  and  Plates. 


Pounds  per  Lineal  Foot. 


width. 

Thicknc^a,  Inches. 

A 

i 

h 

* 

A 

1 

A 

1 

A 

* 

4* 

1 

*i 

i    1  « 

} 

'0S3 

.106 

-159 

.313 

•27 

.32 

'37 

-43 

48 

^53 

-5S 

.64 

.69 

-74' 

M 

.106 

^313 

.319 

i^l 

-S3 

a 

74 

.85 

.96 

1.06 

1.17 

1.28 

1,38 

1*49 

1,55 

.IS9 

'319 

ill 

.638 

.80 

M2 

1.38 

1-43 

1.59 

1 75 

I.9I 

2.07 

1.33 

2.3f 

I 

.313 

.435 

.850 

1.06 

1,38 

149 

1,70 

1.91 

2.13 

^-34 

i<SS 

3.76 

2.98 

3*u 

.366 

■m 

797 

1.063 

133 

1-59 

1.86 

1,13 

2-39 

2.66 

1.92 

319 

3-4S 

372 

3.9* 

^319 

.6^B 

.956 

1.275 

1.59 

1.91 

3,33 

2-SS 

3.87 

3  19 

3.51 

3.83 

4  14 

446 

4-7J 

-373 

744 

i.ii6 

1.488 

1.86 

3.23 

Z.60I  2.9S 

3-35 

372 

^■?? 

4-46 

4-83 

S.21 

n 

41s 

.850 

1.175 

1.70Q 

2.13 

2-55 

2'9S 

340 

3^83 

4-25 

4.68 

S-io 

5-53 

5.95 

47s 

.956 

1434 

I -91 3 

2.39 

3.87 

3-35 

3-B3 

430 

4.78 

S.x6 

S74 

6.22 

6.69 

7-r 

■S3 1 

1,065 

1-594 

2.125 

1.66 

3*19 

372 

4-25 

478 

5.31 

5.84 

6.381 

6.91 

7.44 

7-?: 

-584 

i.i6g 

1.753 

2.318 

3,92 

3'Sij 

409 

4.68 

5-26 

5-84 

643 

7.01 

7.60' 

8.18   8.7: 

.638 

i>275 

1^913 

3.550 

3^19 

3-S3 

44<5 

5-10 

5-74 

6.38 

7.01 

7*6s 

8.39 

8.93 

9.5* 

3i 

,6gi 

1.381 

3.073 

3,763 

345 

4-H 

4S3 

5-53 

6.33 

6.91 

7.60 

8.29 

8.98 

9*67  tQ.3t 

-7+4 

1438 

2.231 

2-975 

372 

446 

5-3 1 

5-9S 

6,69 

7-44 

8.18 

8.91 

9.67 

10.41!  1 1. If 

^797 

I.S94 

2.391 

3.188 

3-9S 

47S 

S4^ 

6.38 

7*17 

7-97 

8.77 

9-56 

10.36 

11.16  J  L9i 

.S50 

1.700 

3.550 

3400 

i^H 

5.10 

5-95 

6.&) 

7,6s 

S.50 

9-3S 

10.20 

11.05, 

11.90j12.7i 

.903 

1J06 

3.709 

3.613! 

45a 

S42 

6.31 

7-23 

8.13 

9*03 

9*93 

10.84 

1174 

13.6413*55 

.956 

I-9IJ' 

2.869 

3,82s 

47S 

S74 

6.69 

7/^5 

8.61 

956 

10.53 

11.4S 

12.43 

13.39,1434 

i.oog 

a.oig 

I.02R 

4.OJ8 

S.OS 

6.q6 

7'07 

e.o8 

9,08 

10.09 

11.10 

12.11 

13-12 

1413  15.M 

1.063 

3,135 

3.188 

4.350 

5.31 

6.3S 

7-44 

8. 50 

9*56 

10.63 

11.69 

,127s 

13.81 

1468  J 594 

r.ii6 

3.231, 

3.347 

4463 

5.5s 

6.69 

7^81 

8.93(10*04 

ii.iGi 

12.27 

15-39; 

1450  I5.63'i6.73 

1.169 

1-338 

3-5»5 

4.675 

5-84 

7.01 

8.1S    9  3S|io.5i 

11.69 

12.86 

1403 1 

15.19 

16.36  17.5? 

5 

K212 

2.444 

1.666 

+.888 

6.11,  7-33 

8.55    9,78:11.00 

12,22 

1344 

14.66 

15.88 

1711  18.5^ 

6 

1,275 

3.SS0 

3.825 

5.10D 

6.38 

7.6s 

8,93   10.301 11 4H 

ii-75 

1403 

15.30 

16.58 

17.8519.13 

6| 

r.328 

3.656 

3-984 

5-3^3 

6.64 

7-97 

9.30  10.63  1 II. 95 

13.38 

1461 

15.94 

17.37 

18.5919,9: 

6 

1.381 

2763 

4-144 

5-525 

6.91 

8.29 

9.67  u.o5ti2.43 

13,81 

15  19 

16,58 

17.96 

19.3420.7: 

6} 

1434 

2.869 

4.303 

5-73S 

7.17 

8.61 

iO.Q|   n.48 

12.91 

1434 

15-7*? 

17.21 

18.65 

10.0$  21.U 

7 

14^^ 

2-975 

4.463 

5.950 

7-44 

8.93 

10.41  11.90 

13-39 

14.88 

i6j6 

,17-85 

19-34 

20.83  22,3  r 

7\ 

iS+i 

3.081 

4.622 

6.163 

770  9-34 
7-97   956 

10.78  13.33 

13-87 

15*41 

16.9s 

18.49 

30.03 

31.5733.11 

7 

1-594 

3.1BS 

4.781 

6.375 

11.16 12.7s 

14^34 

15.94 

17.53 

19.13 

20.7322.3123.91 

7 

1.647 

1^394 

4-941 

6.588 

8,33    g.88 

11*53  13-1H 

14.82 

16,47 

18.13 

19-76 

2141,23.06  34-7^ 

E 

1700 

3. 400 

5.100 

6.800 

8.50:10.30 

11.9013.60 

15-30 

17.00 

18.70 

20,40 

33.10,23.80  25.fC 

^ 

1-753 

3.5o£^ 

5.259 

7,013 

8.77' 10.53 

13.37 

14-03 

1578 

17-53 

19.28 

21.04 

23.79  34-54  26.JC 

^1 

1-R06 

3'*^i3 

5419 

7.225 

9.0  j  10.84 

12.64  14-45 

16.26 

18.06 

19.87 

21.68 

234825.2917JX. 

s| 

1.SS9 

3719 

5^57^ 

7438 

9,10  11,16' 

n.02'i4.8fi 

16.73 

18.59 

3045 

22,31 

24.1736.0337.^ 

9 

1.913 

3-825 

573B 

7.650 

9-5^^11.48, 

IJ-39T5-30 

17-31 

19-13 

21.04 

23.95 

24-B6 

26. 7S  38,6c 

9i 

9 

1,9663.931 

S-897 

7.863 

983  U79 

137615-73 

17.69 

19.66 

21.62 

23-59 

2555 

37.53  394^ 

2.O19;4.038 

3.072 14. 144 

6.056 

a.075 

lO.og  12. It 

14.13I16.15 

18.17 

20.19 

23.21 

24.23 

26.24 

28.26  30.3J 

9 

6.3 16 

S.3S8 

I0.i6'i24i 

14.50,16.58 

iHM 

3072 

3279 

24.86 

26.93 

29.01 3  i.oJ 

lO 

3.J3S 

4.250 

S-375 

8.500 

J0.63  13.75 

1488  17.00 

19.13 

21.25 

23.3S 

25-SO 

27-63 

29.75  31.8J 

iPi 

2.17a 

1-356 

6.5341^713 

10.B91 13.07 

15.25 

1743 

19.60 

21.78 

23.96 

26.14 

28.33 

30-49 

32.^ 

^^4 

2,231 

4463 

6.694.8.925 

11.16,13-39 

15.62 

17.85 

20.08 

33.31 

24*54 

26.78 

29.01 

3*24 

334^ 

lol 

3.3S4 

4-569 

6.853  |9-i3§ 

11.42 

1371 

15.99 

18.28 

20.56 

23.84 

25-13 

27-41 

39*70 

3198 

34-2' 

11 

2.338 

4'^75 

7.013  9-3SC 

11.69 

14.03 

16.36 

18.70 

21.04 

23.38 

2571 

28.05 

30-39 

32.73 

35^ 

111 

2,391 

1781 

71729.563 

11.95' 14' H 

16.73 

19.13 

21.52  23,91 

26.30 

38.69 

11.08 

33-47 

35*^ 

Ml 

3444 

4-838 

7-33 1 19-775 

I3.33;14.66 

17=11 

19-55 

31. 99|  24.44 

36.88 

29-33 

3t*77 

3421 

36.6 

1         "i 

2497 

4-994 

7.491  i9-988 

1348114,98 

1748 

19-98 

22.47|  24.97 

27*47 

29.96 

33.46  34-96 

1374 

12 

la-sso 

5.100 

7.650' 10.20' 12.751 15.30 

17.8^ '3040 

32.95  2J;.50 

38.05 

30.60 

33-15  35.70 

38.2 

VI 


TABLE  1,—CmUnutd. 
Heights  of  Steel  Bars  and  Plates. 


Poinds  per  Line*-u-  Foot. 


Thickneaa,  Inches, 


797 
61 


-ij- 


I 


10.65 
11.05 
11.48 


-93jn.90 


13.18;  15.94  18.59 
13.81  16.58  19.34 
14.34  17.21  20.08 
14.88  17.85)20.83 


154* 

.  »5*94 
,18  1647 
:  --  13.60  17.00 

T^Ol  10,52  14.03  17,53 

-  :^3'io,84ii4.4f;  18.06 

4.4  11.16  14.88  18.59 

;,65|ii.48|i5.30  19.13 


|.9t 


4-2i, 


r*^6'n. 79  15.73 
II  16.15 

:  43  "6.58 

^  5012.75 17-00 

87J;i3-07i745 
8^93113*3917.85 


9'»4!i3'7i 
9  351 14.03 


18.28 
18.70 


1   «»1i  '     .-»    -  r 


1966 
20.19 
20.72 
21.25 


21.25 
22.10 
22.95 
23.80 


l8.49l2i.57  24.65 
19.13  22.31  25.50 
19.7623.06126,35 
2O.4OJ23.8O27.2O 

21.04124,5428.05 

21.68  25,29  28.90 


24.86 
25.82 
26.78 

27-73 
2S.69 
29.64 


26,03129.75 
26.78  30.60 


22.^1 
22,95 

23.59 
24.23 
24.86 

2S.50i'J9-75  34*00 


27.531 
28.26 


31.4s 
32.30 
29.01  33.15 


21.78  26.14  3049 
22.31  26.7S'3i.24 
22.84'27.4i,3i.98 
23.38  28.05I32.73 


^3.91  28.69'33,47  38.25  43.03 


23.91  26.56 


27.63 
28.69 
29.75 

30.81 
31.88 
3294 


30.60  34.00 


31,56 

32.51 
33  47 
3443 

35.38 
36.34 

37.29 


35.0^ 
36.13 

3M9 
38.25 

39.51 
40.38 

41.44 


38.25  42.50 

34.85  39.21  43.56 
35.70140.1644,63 


36.55  41.12 

3740  42.08 


4  4-44  29.33  34,21  39.10 

4.'  .  ..    -  4.97: 29.96|34»96  39.95 

S*io|  10.201 15.30  20.40  25. 5o|3o.6o  35.70  40.80 


111.90117.85123.8029.75135.7041.65 


i.r»5 

^.50 

1 3 . 1  ^  1 9.  /f  1  i6.3  5 

>t  13.60  20.40! 27.20 


30.81 
3I,.S8 
3294 
34.00 


36.98 

39.53 
40.80 


J  42.50 
44.20 
45.90 
47.60 


43.99 
44.94 
4590 

47.81 
49.73 


43.14 
44.63 
46.11 
47.60 


TS.06  42.08  49.09 

6.1343.3550.58 

^  :5,3M9U-63  52.06 

>.6oJ38.25|45,9o!53.55 

^7-18  55.04 

^845156,53 

M'44|4973;58.oi 

125051,00159.50 


49.30 
51.00 

52.70 
54.40 

56. 10 
57.80 

59.50 
61.20 

62.90 
64.60' 
66,30 
68.00 


45.69 
4675 

47.81 
48.88 

49-94 
51.00 

53.15 

55.25 


51.6457.38 
53-55  59.50 


>  69.70 

7140, 

M'^3;'3'9*^-'l73-iO| 
-6.10l65.45f74.80 


5546 
57.38 
59.29 
61,20 

63,11 
65.03 
66.94 
68.85 

70.76 
72.68 

74-59 
76.50 

7841 
1^0.33 

H2.24 

84.1s 


61.63 

63.75 
65,88 
68.00 

70.13 
72.25 

74.38 
76.50 

78.63 
80.75 
82.88 
85.00 

87.13 
89.2; 
91.18 
93.50 


r.oo'6i.2o|7i.40  8i.6o|9i  8o|i02.o 


H 


29.2 
30.4 
31.6 
327 


33 
35 
36 

37 
38. 

39 
40. 

42. 


43,2 

444 
45.6 
46.8 

47.9 

49-1 
50.3 
514 

52.6 
53.8 
54.9 
56.1 

584 
60,8 
63.1 
65.5 

67.8 
70.1 

72.S 
74.8 

77-1 
79-5 
81,8 
84.2 

86.5 
88.8 
91.2 
95.5 
95.B 
98.2 
100.5 
102,9 

105,2 

107.5 
1099 


I    I   H 


319 

33-2 
34.4 
357 

37.0 
38.3 
39-5 
40.8 

42.1 

434 
44.6 

45.9 

47.2 
48.5 

497 
SI.0 

51.3 
53,6 
54.8 
56.1 

574 
58.7 

59.9 
61.2 

63.8 
66.3 
68.9 
714 

74.0 
76.5 

79.1 
8], 6 

R4.2 
86.7 

89.3 
91,8 


34-5 
359 
37.3 
387 

40.1 

414 
42.8 
44.2 

45.6 
47.0 
48.3 
49.7 

51.1 
5^.5 
53.9 
55.3 

56.6 
58.0 

594 
60.8 

62.2 
63.5 
64.9 
66.3 

69.1 
71.8 
74.6 
774 


I 


37.2 
387 
40,2 

4i.7 

43*1 

44.6 
46.1 

47.6 

49.1 
50.6 
52.1 
53.6 

55-0 
56.5 
5«.o 
59-5 

61.0 
62.5 
64.0 

65.5 

66.9 
68.4 
69.9 
714 

744 
774 
80,3 

83*3 

80.1  86.3 
82.9  89.3 
85.6  92,2 
884  95,2 

91.2  98.2 
93.9  101.2 
96.7' 104.1 
99.5  107.1 


H 


39.8 
414 

43-0: 
44.6 

46.2 

47.8 
49.4 
5J0 

52.6 
54.2 
55.8 
574 

59.0 
60.6 
62.2 
63.8 

65.3 
669 
68.5 
70.1 

717   7^.5 
7^'}\  78 
74-9    79.9 
76,5    81,6 


42.5 
44.2 
45  9 
47.6 

49-3 
510 

527 
544 

56.1 
57.8 
59-5 
61.2 

62.9 
64.6 
66.3 
68.0 

69.7 
714 
73.1 
74.8 


797 
82.9 
86.1 
89.3 


85.0 
884 
91. 8 
95.2 


92.4  98.6 
95.6  |i  02.0 
98.81054 
102.0  108.6 

105>2it2.2 
108.4  1 15,6 

iii.6|n9.o 
It4.8|i22.4 

25.8 


117.91 


94.4  102,2  no.  I 

96.9  t05.0jII3.l|l2I.ljI29.2 

99.5|io7.7|ii6oji24,3, 132,6 
102.0  1 10.5  1 19.0  127.5 1 136.0 


104.6113,3  122.0 

107.1  116.0  125.C 

109.7  118.8  127.9 

112.2  121,6  1309] 

114.8  124.31  f^ 

117.3  127.1,1 

119.9  129.8  I  jf). - 
1 22.4]  132,61 142  8 


»30.7<394 
i33'9T42*8 
137.1,146.2 
140.3  JI49.6 

'  153.0 

1 564 

149.8  159,8 

l^1,Q  \6(T>.^ 


13 


4 

I 
I 


4 


iilbiiM^Mfiilb 


A 


TABLE  2.— Continued. 
Weights  of  Stbel  Baks  and  Plates. 


Pounds  fer 

LiPJEAL  Foot 

Width. 

Thidamm,  lochea. 

A 

t     1 

A 

4 

A 

i 

A 

1 

A 

1 

B 

1 

«     * 

J 

49 

10.4 

20.8  1 

31.2 

417 

S2.I 

62.S 

72.9 

830 

937 

104.1 

il4S"5^ 

1354  145-8 

iSi 

SO 

to,6 

ai.3 

319 

42.5 

53*1 

63J 

744 

85^0 

95.6 

106.3 

116.9  127-S 

138.1 148.8 

I5f 

SI 

lOj 

21.7 

3*-S 

434 

S4.2 

65.0; 

75-9 

867 

97-5 

1084 

U9.2J130.1 

140.91517 

16; 

55 

11. 1 

22a 

33-2 

44^2 

S5-3 

66.5 

774 

884! 

99-5  j  110-5 

121.6 

132.6 

1437154*7 

16; 

SS 

113 

21.S 

33.e| 

45.1 

s6o 

67.6 

78,8 

90.1 

101.4  112.6 

133-9 

135-2 

1464 1577 

16£ 

54 

n-S 

23.0 

34-4 

45-9 

574 

68.9 

80.3 

91.& 

103-3 

1148 

126.2 

1377 

14921607 

17: 

H 

11.7 

234 

35.1 

46.8 

58.4 

70.1 

81.8 

93-5 

105.2 

116.9 

128.6 

140.3 

151,9,163-6 

*!1 

56 

119 

23-8  1 

3S7 

47^6 

S9^S 

714' 

83.3 

95.2 

107.1 

119.0 

130.9 

142,8 

1547166.6 

17* 

57 

12. 1 

14.2 

36,3 

49^5 

60.6 

727 

84.8 

96.9 

109.0 

131.1 

133-2 

1454 

157-5 1696 

111 

SB 

12.3 

24.7 

370 

490 

61.6 

74.0 

86.J 

98.6 

110.9 

123.3 

135-6 

H7-9 

160.2 172.6 

le^ 

59 

12-S 

25^1 

37.6 

50-2 

62,7 

75.2 

87.8; 

100.3 

112  Si 

1254 

137.9 

150.5 

163.0175.5 

m 

60 

Ii.8 

^5'S 

3S.3 

Si-o 

63.8 

76.5 

890 

102.0 

1 14.S 

127.5 

140.3 

153-0 

165.8 

178.5 

igj 

61 

13^0 

25.9 

3S9 

5 1. 9 

64J 

77^8 

90.7 

1037; 

116.7 

129.6 

1+2.6 

1S5-6 

168.5 

181.3 

m 

61 

13a 

26.4 

39o 

527 

65.9 

79^1 

92.2 

1054' 

11S.6 

1 3 1.8 

144.9 

J  58.1 

171-3 

184  5 1 197 

63 

134 
13.6 

26J 

4Q.2 

53^6 

66.9 

80.3 

937 

107.1 

1 20.5 

133-9 

147-3 

160.7 

174-0 
176.8 

1874 

20c 

64 

27,2 

40J 

S44 

6S.0 

81,6 

95-2 

to8.8 

1224 

136.0 

149.6 

163.2 

1904 

2^ 

65 

13.S 

17^6 

414 

55-3 

69.1 

81.9 

967 

iio-S 

124.3 

138.1 

151.9 

165.8 

1796 

1934 

207 

66 

14.0 

28.1 

42,1 

S6.i 

70-1 

84.2 

9S.2: 

112. 2 

136.2 

140.3 

154.3 

168.3 

182.3 

1964 

21c 

67 

14,2 

28.5 

427 

S7-0 

71.2 

854 

997 

113-9' 

128. 1 

1+2.4 

156,6 

170.9 

185.1 

199-3 

l^ 

63 

H-5 

18,9 

434 

57^8 

7^4 

S6.7 

101.2 

1 15.6 

130.1 

144-5 

159.0 

1734 

1B7.9 

202.3 

69 

147 

39-3 

44-0 

587 

73-3 

88.0 

102.6 

"70 

132.0 

146.6 

161.3 

176.0 

190.6 

205.3 

219 

70    1 

14.9 

29.8 

44.6 

59.5 

74  4 

89*3 

104.1 

119.0 

1339 

148.8 

163.6 

178-i 

1934 

^3 

32J 

71    ! 

iS-i 

30.2 

45-3 

604 

754 

90.5 

105.6 

120.7 

135.8 

150.9 

166.Q 

iSi.i 

196.1 

2112 

32^ 

72    j 

1S.3 

30,6 

45-9 

61.2 

76,  q    918 

107. 1 

1224 

n77 

153^0 

168,3; 

1S3-6 

198.9 

214.2 

239 

75 

IS'S 

31,0 

46,; 

6lA 

7'AG|  93-1 

ioS.6 

124.1 

139.6 

155*1 

170.6 

1862 

2017 

2172 

232 

74 

157 

31-5 

47-2 

62.9 

78-6,  944 

1 10.1 

1Z5.K 

1415 

157-3 

1730 

1S87 

2044 

220,3 

2J5 

75 

15.9 

31,9 

47.8 

63.8 

79-7;  95<^^  tuX 

127.5 

H3  4 

1594 

175-3 

191.3 

207,2 

223-1 

239 

76 

16,2 

32.3 

4^5 

64.6 

go.8   96.9113.1 

129.2 

1454 

161.5 

177-7 

193-8 

210.0 

226.1 

242 

77 

ifM 

32.7 

49.1 

Gs-S 

81.8   98.2  114.5 

130.0 

147-3 

163.6 

180.0 

196-4 

2127 

229-1  24s 

7S 

16.6 

33-2 

497 

m.3 

82.9I  go-i^  116.0 

132.6 

149.2 

P65.8 

182,1 

198,0 

215.5 

232.1 

24» 

7*) 

16.8 ' 

33^6 

504 

67.2 

R3.9  100.7  >  17.5  134^1 

151.1 

167.9 

184.7 

201.5 

21S.2255.0 

251 

So     \ 

17.0: 

34,0 

51.0 

68.0 

85.0102.0119,0 

136.0 

153-0 

170.0 

187.0 

204.0 

2210238.0 

^l 

Bi     ' 

172 

344 

Si-6 

68.9 

86.1  10  j. 3 

1205' 

1377 

1549 

1 72- 1 

189.3 

206.6 

221.8 

24 1. 0 

258 

81 

I7-* 

34-9 

52.3 

69.7 

87.1  104.6  122,0 

1394 

156.8 

174-3 

1917 

209,1 

226.5 

244-0 

361 

83 

17.6 

35-3 

529 

70.6 

88. 2;  105.8  123.5 

141.1 

15^7 

1764 

194-0 

2117 

229.3 

246.9 

2H 

84 

J  7-9 

357 

53.6 

714 

89.3  io7*  I 

125.0 

u2j: 

160.7 

17B-5 

1964 

214.2 

232.1 

249-9 

267 

S5 

iS.i 

36.1' 

54.2 

72.3 

90.3  10S4  1264 

'44^5 

162.6 

180.6 

198-7 

216.8 

234.S 

25^-9 

2/^ 

B6 

18.3 

36.6 

54.S 

73-1 

91411097,127.9 

146.2 

164.5 

182.8 

201 .0 

219.J 

237-6 

274 

87 

tS.s 

37-© 

55-5 

74.0 

92.4 

110.9  1294 

147-0 

1664 

1S4-9 

203.4 

221.9 

240.3 

358.8 

2:?7 

S8 

187 

374 

56.1 

748 

93-5 

112.2  130.9 

1496 

16&.3 

187.0 

205.7 

2244 

243-1 

261. 8 

2B0 

69 

1S.9 

37-8 

56-7 

757 

94.6 

"35 

1324 

151.3 

170.2 

189.1 

208.0 

227.0 

2459 

264.S 

m 

90 

19. 1 

38,3 

574 

76.S 

95-6 

114.8 

133.9 

153.0 

172.1 

191.3 

210.4 

229.5 

248.6 

267.8 

2^ 

91 

19.3 

387 

58.0 

774 

967 

116,0 

m-A 

1547 

174-0 

1934 

2127 

232.1 

2514 

2707 

igo 

9^ 

19*6 

39^ « 

587 

78,2 

97-f=^ 

117-3 

136.9 

156.4 

176.0 

19S-5 

215-1 

234-6 

254^2 

273-7 

m 

93 

19.8 

39'S 

59-3 

79-1 

98,8 

118.6 

i3**-3 

1^8.1 

177-9 

197-6 

2174' 

237.2 

256.9 

276.7 

2P6 

94 

10.0 

40.0 

59-9 

79-9 

99.9119-9 

139.8 

159.S 

179-8 

199-S 

219.7 

239-7 

259-7 

-M 

299 

95 

20.2 

404 

60.6 

So.S 

IC0.9 

121.1 

1+1.3 

161.5 

1R1.7 

201,9 

122.1 

n^-i 

262.4 

282.6 

toi 

96 

20.4 

40,8 

6t.2 

B1.6 

102,0 

1224 

142.8 

163.2 

1B3.6 

204.0 

2244 

244-s 

265,2 

285.6 

306 

i        97 

20.6 

41-2 

6u% 

82.5 

103.1 

1237 

144-3 

164.9 

185.5 

206/1 

226.7 

2474 

26S.0 

28S.6 

309 

98 

30>8 

417 

52  s 

^J-3 

104.1 

125.0 

14S'8 

166.6 

1&7  4 

208.3 

229.1 

249.9 

270.7 

291.6 

113 

99 

3  1.0 

42.1 

631 

84^2 

105-2 

126,2 

147.3 

168.3 

189-3 

210.4 

2314 

252.5 

271-5 

294-5 

3IS 

100 

2r.3 

4^-5 

63.8 

85.0 

106.3 

127-5 

,48.8 

170.0 

1913 

112.S 

233-8 

2SS-0 

276.3 

297-5 

1 

w 


^^^^^BP                                        ^^^^^B^^^^l 

^V                              Moments  of  Inerti/ 

k  OF  Plates,  Axis  i-i.                                            ^H 

^H              Moacnto  of  Inertia                               1       J 

1                                            About 

1 

^^^^           ot  One  PUt«,                                              f 

2 

Axtt  1-1. 

^ 

H|                                                                      Tbickncu 

or  Plate  in  Incbet. 

J 

^    i 

A 

1 

A 

4 

A 

1 

H 

1 

H 

1 

H 

I 

HsJ 

li 

39 

4.6 

5*a 

59 

6.5 

7.2 

7-6 

8.5 

9.1 

9.8 

104 

^B    4-S 

6.8 

7-9 

9.0 

to.i 

11.3 

124 

13-5 

14.6 

15.8 

16.9 

18,0 

^H    M 

8,9 

10.7 

12.5 

143 

16.1 

17.9 

19.6 

214 

23.2 

25.0 

26.8 

28.6 

^§  ICft.7 

I3'3 

16.0 

187 

21,3 

24.0 

26,7 

29.3 

32.0 

347 

37-3 

40.0 

^l 

H  ts-s 

19.0 

22.8 

26.6 

304 

34^i 

38.0 

41.8 

45.6 

49.4 

53.2 

570 

^      30,8 

a6.o 

31*3 

36,5 

417 

S 

52,1 

S7.3 

62.5 

677 

72.9 

78.1 

83.3 

it-  .   *77      347 

41.6 

48.5 

SS'S 

69.3 

76.3 

83.2 

90.1 

97.0 

104.0 

iio.g 

■k  S6x> 

45 -o 

54*0 

63.0 

72.0 

81.0 

90.0 

99.0 

108.0 

1170 

126.0 

135.0 

144.0 

■ 

H  4S^^ 

57-2 

68.7 

80.1 

915 

103.0 

1144 

125.9 

137.3 

148.8 

160.2 

171.6 

183.1 

■ 

ffT  57* 

71s 

85.8 

too.o 

U4.3 

128.6 

142.9 

157.2 

171.S 

185.8 

200.1 

2144 

228.7 

^ 

■U   7Q-1 

87.9 

105.5 

123.0 

140.6 

158.2 

175.8 

1934 

210.9 

228.5 

246.1 

2637 

281.2 

■  855 

106.7 

128.0 

149.3 

1707 

192.0 

213.3 

234.7 

256.0 

277-3 

2987 

320.0 

341.3 

^■l02^ 

«27-9     153s 

179.1 

204.7 

230.3 

255-9 

281.5 

307.1 

3327 

358.2 

383.8 

4094 

^pilS 

151-9 

182.3 

212.6 

243.0 

2734 

303.8 

334* 

364-5 

394-9 

425.3 

4556 

486.0 

^^142,9 

178*6 

214.3 

250.1 

285.8 

321.5 

357.2 

393-0 

4287 

4644 

500.1 

535-9 

571-6 

Ht66.7 

ao8.3 

250.0 

291.7 

3133 

375.0 

4167' 

458.3 

500,0 

541.7 

583.3 

625.0 

666.7 

^■191.9 1  Hi':2 

4894 

337.6 

385.9 

434- 1 

482.3 

530.6 

578.8 

627,0 

675.3 

723-5 

771-7 

^Va2i.8    177.3 

3327 

388.2 

4437 

499.1 

5546 

610.0 

665.5 

721,0 

7764 

831.9 

887.3 

^^sjs  n^'9 

3S0.2 

443.6 

507.0 

570.3 

6337 

697.1 

760,4 

823.8 

887.2 

950.6 

1013.9 

360.0 

43i'0 

SO4-O 

576.0 

648.0 

720,0 

792.0 

864.0 

936.0 

1008.0 

1080.0 

1152.0 

H^^i^ 

406.9 

488,3 

5697 

651.0 

7324 

813.8    895.2 

976.6 

1057.9 

1139-3 

1220.7 

1302.1 

H36§,1    4577 

549.1 

640.8 

7323 

823.9 

9154  1007.0 

1098.5 

1190.0 

'128J.6  1373.1 

1464.7 

^■4iai    512.6 

615.1 

717-6 

820.1 

922.6 

1025.2  1 1277 

1230.2 

13327 

H35'2  15377,1640.3 

^■#i7*S 

5717 

686.0 

800.3      9147 

1029.0 

1143.3   12577 

1372.0 

1486.3 

1600.7  1715.0,1829.3 

K06.1 

635.1 

762.2 

S89.2 

1016.2 

1143.2 

1270.3 

1397.3 

15^4.3 

1651.3 

17784  19054.2032.; 

70J-1 

843.8 

984,4 
1086.1 

1125.0 

1265.6 

1406,3 

1546.9 

1687.5 

1828,1 

1968.8  21094  2250.0 

7758 

93  to 

1241.3 

lyAs 

1551.6 

1706,8 

1861.9 

2017.1 

2172.3  2327412482.6 

8513 

1024.0 

U94  7 

^^'^SJ 

1536.0 

17067 

1877.3 

2048,0 

22187 

2389.3 

2sro.o  27307 

1 

^^K    93S9 

1123.0 

1310.1 

14974 

1684.5 

1871  7 

2058.9 

2246.1 

2433.2 

2620.4 

2807,6 1 2994.8 

■ 

1023.5 

1228.2 

1433.0 

1637.7 

18424 

2047.1  2251,8 

2456.5 

2661.2 

2865.9 

3070.6  3275.3 

1 

■ 

^B99-> 

1116.5 

13398 

1563,2 

1786.5 

2009.8 

2233.1 

^4564 

26797 

2903.0 

3126.3 

3349-6  [3572.9 

■ 

^B72^  12150  [14590  1701.0 

19440 

2187.0 

2430.0 

2673.0 

2916.0 

3159.0 

3402.0 

3645.0  3  888.0 

^Bss.j  1319,1,15^2.9  1846.7 

2110.S 

23744 

2638,2 

2902.0 

3165.8 

3429-6 

36934 

3957.3  4221.1 

^■m.i  14290  17147 

2000.5 

2286.3 

2^72.1 

2857.9 

3H37 

3429.5 

3715-3 

4001.1 

4286.9  4572.7 

^piSSj  1544*8  1IS53.7 

2162.7 

2471.6 

2780.6 

3089.5 

3398.5 

37074 

40164 

4325-3 

4634-3  14943 -i 

^■t                ''>.7  2000.0 

2333.3 

2666.7 

3000.0 

3333.3 

3666,7 

4000.0 

4333.3 

4666.7 

5000.0  5333.3 

■^                 r^  :?t'^1-^ 

25127  2871.7 

1230.7 

3589.6 

3948.6 

4307,6 

4666,5 

5025.5 

5384.5  57434 

^Bc                                             r.I  13087.0 

5472.9 

3858,8 

4244.6 

4630.5 

50164 

5402.3 

5788.2  6174.0 

■t                                            >7  331*8 

3726.9 

4141.0 

4S55-0 

4969.2 

5383-3 

57974 

6211.5  6625.6 

izin-.i    i'-r.^.u    UU5.7  3549.3 

39*^3,0 

4436.7 

4880.3 

53H.O 

57677 

6211.3  I 

1 

6655,07098.7 

■ 

_ 
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TABLE  3. 

—  Continued. 

Moments  op  Inertia  op  Plates,  Axis  i 

-I. 

Moments  of  Inertia 

■  M  • 

About 

of  One  PUite. 

""l^^ 

Aziaii. 

ii 

Thickness  of  Plate  in  Inches. 

^5 

i 

A 

1 

A 

i 

A 

1 

H 

1 

H 

{ 

it 

t 

1898 

2373 

2848 

3322 

3797 

4271 

4746 

5221 

5695 

6170 

664s 

7119 

m 

46 

2028 

2S3S 

3042 

3549 

4056 

4563 

5070 

5577 

6083 

6590 

7097 

7604 

47 

2163 

2704 

3244 
3456 

3785 

4326 

4867 

5407 

5948 

6489 

7030 

7S70 

8111 

^ 

48 

2304 

2880 

4032 

4608 

5184 

5760 

6336 

6912 

7488 

8064 

8640 

92ii 

49 

2451 

3064 

3677 

4289 

4902 

ssis 

6128 

6740 

7353 

7966 

8579 

9191 

9to( 

so 

2604 

3255 

3906 

4557 

5208 

5859 

6510 

7161 

7812 

8464 

9115 

9766 

1041) 

52 

2929 

3662 

4394 

5126 

5859 

6591 

7323 

8056 

8788 

9520;  I02S3 

10985 

iir»i 

It 

3280 

4101 

4921 

5741 

6561 

7381 

8201 

9021 

9841 

10662,  1 1482 

12302 

13121 

3659 

4573 

5488 

6403 

7317 

8232 

9147 

10061 

10976 

11891;  12805 

13720 

'& 

58 

4065 

5081 

6097 

7113 

8130 

9146 

10162 

11178 

12194 

13211 

14227 

15243 

60 

4500 

5625 

6750 

7875 

9000 

I0I2S 

1 1250 

12375 

13500 

14625 

15750 

16875 

I8M 

62 

4965 

6206  7448 

8689 

9930 

11172 

12413 
13653 

13654 

1489s 

16137;  17378 

I86i9'  I9» 

64 

5461 

6827  !  8192 

9557 

10923 

12288 

15019 

16384 

17749!  191 1 5 

20480;  2184 
22461  2395 

66 

5989 

7487 

8984 

10482 

"979 

13476 

14974 

1647 1 

17968 

19466 

20963 

.  68 

6551 

8188 

9826 

1 1464 

13101 

14739 

16377 

18014 

19652 

21290 

22927 

2456s,  ^ 

70 

714s 

8932 

107 19 

12505 

14292 

16078 

17865 

1965 1 

21437 

23224 

25010 

26797'  ^^ 

72 

7776 

9720  1 1664 

13608 

15552 

17496 

19440 

21384 

23328 

25272 

27216 

29160  3"0« 

74 

8442  10553  12663 

14774 

16884 

18995 

21105 

23216  25326 

27437 

29548 

31658  337^9 

76  914s  11432  13718 

16004 

18291 

20577 

22863 

25150 

27436 

29722 

32009 

34295  36581 
37074  39540 

78  9886  12358  14830 

17301 

19773 

22245 

24716 

27188 

29659 

32131J  34603 

80  10667  13333  16000 

18667 

21333 

24000 

26667 

29333 

32000 

34667  37333 

400CO  4266J 

82  11487  14359  17230 

20102 

22974 

25845 

28717 

31589 

34460 

37332'  40204 

43076  45947 

84  1  12348  15435  18522 

21609 

24696 

27783 

30870 

33957 

37044 

4013I1  43218 

46305  4939> 

86  ;  1 3 25 1  16564  19877 

23190 

26502 

29815 

33128 

36441 

39753 

43066.  46379 

49692  sm 

53240  567«9 

1 

88  14197  17747 

21296 

24845 

28395 

31944 

35493 

39043 
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46141,  49691 

90  '  15 187  :  18984 

22781 

26578 

30375 

34172 

37969 

41766 

45562 

49359  53156 

1^5^  S 

92  16223  1  20278 

24334 

28390 

32445 

36501 

40557 

44612 

48668 

52724  56779 

60835  64891 

94  17304  1  21630 

25956 

30282 

34608 

38934 

4<?26o' 47586 

S1911 

56237:  60563 

64889  69215 

96  18432  23040 

27648 

32256 

36864 

41472 

46080  50688 

55296 

59904  64512 

69120 

S^I 

98  19608  24510 

29412 

34314 

39216 

44118 

49020 

53922 

58824 

63727  68629 

73S3» 

Mm 

100  20833  26042 

31250 

36458 

41667 

46875 

52083 

57292 

62500 

67708  72917 

78125  8333J 

102  22108  27636 

33163 

38690 

44217 

49744 

55271 

60798 

66325 

71853'  77380 

82907  88434 

104  23435  29293  35152 

41011 

46869 

52728 

58587 

64445 

70304 

76163  82021 

87880;  93731 

106  24813  31016  37219 

43422 

49626 

55829 

62032 

6823s 

74438 

80642  86845 

93048;  99j2 
984151W 

108  26244  32805 

39366 

45927 

52488 

59049 

65610 

72171 

78732 

85293  91854 

no  27729  34661 

41594 

48526 

55458 

62391 

69323 

76255 

83187 

90120  97052 

103984  "09^ 

112  29269  36587 

43904 

51221 

58539 

65856 

73173 

80491 

87808 

95125  102443 

109760117077 
115746  »34jj 

114  130865  38582 

46298 

54015 

61731 

69447 

77164 

84880 

92596 

1003 13  108029 

116  32519  40648 

48778 

56908 

65037 

73167 

81297 

89426 

97556 

105686113815 

121945130^! 
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118  34230  42787 

51345 

59902 

68460 

77017 

85575 

94132 

102689 

111247:119804 

120  ,  36000  45000  1  54000 

'     .     1 

63000 

72000 :  81000 

90000 

99000 

108000 

117000  126000 

135000 

n 

\& 


TABLE  4. 
Moments  of  Inertia  op  Plates,  Axis  2-2. 


ments  ol 
of  One 

Inertia 
Plate. 

-J. 

About 
Axisa-a. 

MO 

« 

■ 

■ 

b 

Thickness  op  Platb  in  Inchbs. 

s. 

\ 

A 

1 

A 

* 

A 

1 

H 

i 

H 

1 

H 

I 

.01 

.01 

.02 

•03 

•^ 

.07 

.10 

M 

.18 

.22 

.28 

.34 

•42 

^I 

.02 

.03 

.04 

.06 

.09 

.12 

.21 

.27 

•33 

•41 

.50 

^I 

.02 

.03 

•OS 

.07 

.10 

•\% 

.19 

.25 

•31 

•39 

•48 

.58 

^I 

.02 

.04 

.06 

.08 

.12 

.22 

.28 

.36 

•45 

.55 

.67 

^I 

.02 

•04 

.06 

.09 

.13 

.18 

.24 

.32 

.40 

.50 

.62 

•75 

^I 

.03 

•04 

.07 

.10 

•'5 

.20 

.27 

•35 

•45 

.56 

.69 

.83 

^l 

.03 

.05 

.08 

.11 

.16 

.22 

.30 

•39 

•49 

.61 

.76 

.92 

^2 

.03 

.05 

.08 

•13 

.18 

■^ 

•33 

•42 

•54 

.67 

.82 

1. 00 

^2 

.03 

.06 

.09 

.14 

•19 

•35 

.46 

.58 

•73 

.89 

1.08 

.02 

.04 

x)6 

.10 

•IS 

.21 

.28 

.38 

•49 

.63 

.78 

.96 

1.17 

.02 

.04 

•07 

.10 

.16 

.22 

•31 

41 

•5? 

.67 

•84 

1.03 

1.25 

.02 

.<H 

.07 

.11 

•17 

.24 

•33 

•*? 

.56 

•72 

•89 

1. 10 

1.33 

.02 

.04 

.07 

.12 

.18 

.25 

•35 

.46 

.60 

.76 

.95 

1. 17 

142 

.02 

•OS 

.08 

•13 

.19 

.27 

•37 

•49 

.63 

.80 

1. 00 

1.24 

1.50 

.02 

•05 

.08 

•13 

.20 

.28 

•39 

•51 

.67 

.85 

1.06 

1.30 

1^8 

.03 

.05 

•09 

.14 

.21 

.30 

•41 

•54 

.70 

•89 

1. 12 

1.37 

1.67 

.03 

•^s 

•09 

•15 

.22 

.31 

•43 

•F 

.74 

H 

1.17 

144 

1-75 

.03 

.06 

.10 

.15 

.23 

•33 

.45 

.60 

•77 

.98 

1.23 

1.51 

1.83 

^ 

.06 

.10 

.16 

•24 

•34 

.47 

.62 

.81 

1.03 

1.28 

1.58 

1.92 

.03 

.06 

.11 

•17 

•25 

.36 

.49 

.65 

.84 

1.07 

1.34 

1.65 

2.00 

^ 

.06 

.11 

•17 

.26 

•37 

•51 

.68 

.88 

1. 12 

1.40 

1.72 

2.08 

.03 

.07 

.11 

.18 

•27 

.39 

.53 

.70 

•91 

1. 16 

1.45 

1.79 

2.17 

.04 

•07 

.12 

•19 

.28 

40 

•55 

•73 

•95 

1.21 

1.51 

1.8s 

2.25 

-04 

•07 

.12 

.20 

.29 

•42 

.57 

.76 

.98 

1. 25 

1.56 

1.92 

2.33 

.04 

.07 

•13 

.20 

.30 

.43 

•59 

•79 

1.02 

1.30 

1.62 

1.99 

242 

.04 

x>8 

.13 

.21 

•31 

.44 

.61 

.81 

1.05 

1.34 

1.67 

2.06 

2.50 

•<H 

.08 

.14 

.22 

.33 

•47 

% 

.87 

1. 12 

1.43 

1.79 

2.20 

2.67 

.04 

•09 

•'5 

.24 

•^5 

.50 

.92 

1.20 

1.52 

1.90 

2.33 

2.83 

.05 

.09 

.16 

.25 

.38 

•5? 

'73 

.98 

1.27 

1. 61 

2.01 

247 

3.00 

.OS 

.10 

.17 

.27 

.40 

.56 

'77 

1.03 

1.34 

1.70 

2.12 

2.61 

3-17 

^5 

.10 

.18 

.28 

.42 

•59 

.81 

1.08 

141 

1.79 

2.23 

2.75 

3.33 

•OS 

.11 

.18 

.29 

:r6 

.62 

.85 

1. 14 

148 

1.88 

2.34 

2.88 

3.50 

x^ 

.11 

•19 

.31 

.65 

.90 

1. 19 

1-55 

1-97 

2.46 

3.02 

3.67 

.06 

.12 

.20 

.3* 

.48 

.68 

.94 

I.2S 

1.62 

2.06 

2.57 

3.16 

3.83 

x)6 

.12 

.21 

•33 

•50 

.71 

.98 

1.30 

1.69 

2.15 

2.68 

3.30 

4.00 

.07 

•13 

.22 

•3S 

.52 

.74 

1.02 

I.3S 

1.76 

2.23 

2.79 

3.43 

4.17 

;   Xf! 

•»3 

•*3 

.36 

.54 

-n 

1.05 

145 

1.82 

2.32 

2.90 

3-57 

4-33 

.07 

.14 

•24 

.38 

.56 

.80 

1. 10 

1.46 

1.90 

241 

3.01 

3-71 

4.50 

xA 

.14 

•*5 

.39 

.58 

.83 

1. 14 

1.52 

1.96 

2.50 

3.13 

3.85 

4.67 

xA 

.15 

11 

41 

.60 

.86 

1.18 

1.57 

2.04 

2.59 

3.24 

3.98 

4.83 

xA 

.15 

•42 

.63 

.89 

1.22 

1.63 

2.11 

2.68 

3-35 

4.12 

5.00 
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TABLE  5. 
Moments  of  Inertia  op  Two  Plates  One  Inch  Wide,  Axis  X-X. 


^^■" 

I 

A 
Momenu  of  Inertia                         X                            X      1                                 For  Distances 

of  Two  Plates 

•^ -                 <f                                      Measured 

One  Inch  Wide 

:                                            from 

Axis  X-X. 

•                               Inside  to  Inside 

C 



t 

...1«..> 

d 
Ins. 

Thickness  of  Plate  in  Inches. 

k 

A 

1 

A 

i 

ik 

1 

ii 

s 

il 

1 

H 

I 

s. 

3.4 

4.4 

5.4 

6.5 

7.6 

87 

9-2 

11.2 

12.5 

13.8 

15.2 

16.6 

18. 

5 

3.8 

4.8 

5-9 

7.1 

8.3 

9-5 

10.8 

12.2 

13.6 

15.0 

16.5 

18.1 

19 

5 

4.1 

5.3 

6.5 

77 

9.0 

10.4 

11.8 

13.2 

147 

16.3 

17.9 

19.6 

21. 

si 

45 

5.7 

7.0 

84 

9.8 

I1.2 

12.7 

14.3 

159 

17.6 

19.3 

21. 1 

22. 

6 

4.9 

6.2 

7^6 

9.1 

10.6 

12.1 

13.8 

^5-t 

17.2 

18.9 

20.7 

22.7 

24 

6i 

5.3 

6,7 

8.2 

9.8 

11.4 

13.1 

14.8 

16.6 

18.5 

204 

22.3 

244 

26. 

6| 

§•7 

7.3 

8.9 

10.5 

12.3 

14.1 

15.9 

17.8 

19.8 

21.8 

23.9 

26.1 

28. 

6J 

6.1 

7.8 

9.5 

11.3 

13.2 

15.1 

17.0 

19.1 

21.2 

23.3 

25.5 

27.8 

30. 

7 

6.6 

8.4 

10.2 

12.1 

14.1 

16.1 

18.2 

20.4 

22.6 

24.9 

27.2 

297 

32- 

7 

7.0 

8.9 

10.9 

12.9 

15.0 

17.2 

194 

217 

24.1 

26.5  1    29.0 

31.6 

^^ 

7 

l^ 

95 

11.6 

13.8 

16.0 

18.3 

20.7 

23.1 

25.6 

28.2 

30.8 

33-5 

^t- 

7i 

8.0 

10.2 

12.4 

147 

17.0 

19.5 

22.0 

24.5 

27.2 

29.9 

327 

35.5 

38. 

8 

8.5 

10.8 

13.2 

IS.6 

18.1 

20.6 

23.3 

26.0 

28.8 

31.6 

34.6 

37.6 

40. 

8: 

9.0 

ii.S 

14.0 

16.5 

19.2 

21.9 

247 

27-5 

30.5 

33.5!    36.5 

397 

43-' 

8 

9.6 

12.1 

14.8 

17-S 

20.3 

23.1 

26.1 

29.1 

32.2 

35-3 

38.6 

41.9 

45- 

8 

lO.I 

12.8 

15.6 

18.5 

21.4 

24.4 

27-S 

30.7 

33-9 

37.2 

40.6 

44.1 

47-' 

9, 

10.7 

13.6 

16.5 

195 

22.6 

257 

29.0 

32.3 

357 

39.2 

42.8 

464     so- 

9| 

11.3 

143 

17.4 

20.5 

23.8 

27.1 

30.5 

340 

37.6 

41.2 

45.0 

48.8    52-; 

9i 

1 1.9 

15.0 

18.3 

21.6 

25.0 

28.5 

32.1   '  357 

39.5 

43-3 

47.2  ■    51-2      55-; 

9i 

12.S 

15.8 

19.2 

22.7 

26.3 

29.9 

337 

37-5 

414 

454 

49-5  j    537      57! 

10 

13. 1 

16.6 

20.2 

23.8 

27.6 

314 

35.3 

39-3 

434 

47.6 

51.9  1    56.2     60.: 

lO} 

13.8 

17.4 

21.2 

25.0   ;    28.9 

32.9 

37.0 

41.2 

45.5 

49.8 

54.3       58.8     63.: 

loi 

14.5 

18.3 

22.2 

26.2      30.3      34-5 

38.7 

431 

47.5 

52.1 

56.7 

61.5      66.: 

lOj 

15. 1 

19.1 

23.2 

27.4      317 

36.0 

40.5 

45.0 

497 

544 

59.2 

64.2      69.: 

II 

1S.8 

20.0 

24.3 

28.6      33.1 

37.6 

42.3 

47.0 

51.9 

56.8  !    61.8 

66.9      72- 

11^ 

16.5 

20.9 

25.4 

29.9      34.5 

39.3 

44- 1 

49.0  i    54-1  ,    59-2      644 

69.8  '    75- 

Ili 

17.3 

21.8 

26.5 

31.2 

36.0 

40.9 

46.0      5 1. 1 

564:    61.7      67.1 

727      7^-'^ 

Ilf 

18.0 

22.7 

276 

32.5 

37-5 

427 

47-9      53-2 

58.7      64.2 

69.8 

7S-^     5M 

12 

18.8 

23.7 

28.7 

33-9 

391 

44.2 

49.8 

554 

61.0 

66.8 

72.6 

76.8     84.7 

12} 

195 

247 

29.9 

35-2 

40.7     46.2 

51.8 

57.6 

63.5 

694      75-5 

81.7     88C 

12} 

20.3 

257 

31. 1 

36.6     42.3   I  48.0 

53.9 

59.8 

65.9 

72.1      78.4      84.8     91-3 

I2| 

21. 1 

26.7 

32.3 

38.1 

43-9 

49-9 

55.9 

62.1 

684 

74.8 

81.3  1    88.0     94-7 

13^ 

21.9 

277 

33.6 

39-5 

45.6 

51.8 

58.1 

64.5 

71.0 

77.6 

84.3       91.2      9^-2 

13} 

22.8 

28.8 

34.8 

41.0 

47-3 

53.7      60.2      66.8  1 

73.6 

804 

874      94-5    10^-7 

'^\ 

23.6 

29.8 

36.1 

42.5 

49.0 

55.6 

624  1  69.3 

76.2. 

83-3  .    90.5  !    97-8    1053 

i3i 

24.5 

30.9 

37.4 

44.0 

50.8 

57.6 

64.6 

717 

78.9 

86.2 

93.7  j  101.3    108.9 

14 

25-4 

32.0 

38.8 

45.6 

52.6 

597 

66.9 

74-2 

81.7 

89.2 

96.9     104.7     112-7 

Hi 

26.3 

33.1 

40.1 

47.2 

544 

61.7 

69.2 

76.8 

84.5 

92.3 

100.2 

108.3    1 16.5 

I4i 

27.2 

34-3 

41.5 

48.8 

56.3      63.8 

71.5 

794 

873 

95-3 

103.5 

1 1 1.9    120-3 

Hi 

28.1 

35-5 

42.9 

50.5 

58.2 

66.0 

73.9 

82.0 

90.2 

98.4 

106.9 

1 15.5      124-2 

15, 

29.1 

367 

44.3 

S2.I 

60.1 

68.1 

76.3 

847 

931 

101.7 

1 104 

1 19.2    128.2 

I5i 

30.0  ; 

37.9 

45.8 

53-9 

62*0 

70.4 

78.8 

874 

96.1 

104.9 

113.9 

123.0  ■  132.2 

^5t 

31.0  j 

391 

47.3 

55.6 

64.0 

72.6 

81.3 

90.1 

99.1 

108.2 

1 1 74 

126.8  1363 

15I 

32.0  ! 

40.3 

48.7 

57-3 

66.0 

74  9 

83.8 

92.9 

102.2 

111.5 

121.O      130.7  ! 

1404, 

I 

^'orMo 

ment  0 

f  Inert 

ia,  deducting  for  rivet  holes,  multiply  tabular  value  by  net  widt 

IS 


^^^                              TABLE  5— Continued.                                                   ^^^^ 

Moments  of  Inertia  of  Two  Plates  One  Incb  Wide,  Axis  X-X. 

Moments  of  Ineititt 

X                     X 

C 

L                                 For  EHfttancet 
f                                      M«Asured 

of  Two  PUi«»                               ' 

i_         1                -               ( 

One  Inch  Wi<k. 

;                                          from 

A<i»X-X. 



•                              Iniick  to  lD«ide. 
t. 

h6-"r--> 

Thicknew  of  Plate  in  Incbca. 

0 

A 

1 

A 

* 

A 

1 

H         1 

95.8      105.3 

11    1 

i           il 

I 

k 

41,6 

50,2 

S9'I 

68.1 

77.2 

86.4 

114.9 

124.7     134.6 

1447 

16.2 

O 

41.9 

S1.8 

60.9 

70,2 

79-5 

89.0,     98.7I  108.5 

118.4 

128.4 

138,6 

149.0 

16.8 

.1 

44*^ 

S34 

62.8 

72.3 

81.9 

917 

IOi.6[   111.7 

121.9 

132,2 

142.7 

153.3     17.3 

^^ 

45S 

S5.0 

64.6 

74.4 

84.3 

9*4 

104.6.   1 14.9 

1254 

136.0 

146.8 

JS77 

17.8 

» 

SI '9 

65.1 

764 

S7.9 

99.6 

1 1 1. 4 

123,31   135.5 

147-7 

160.1 

172.7 

185.5 

21.1 

9 

11:1 

66.8 

78.5 

90.3 

102.2 

1143 

136.2 

126,6 

139.0 

151.6 

164.3 

177.2 

190.3 1  21,7 

1 

79.8 

93.6 

107.7 

121.9 

150.8 

165.5     180,3 

1954 

210.6 

226.0    26.0 

67.7 

81.7 

95-9 

110.3 

124.8 

139.5 

1544 

1694 

184.6 

200.0 

215.6 

231.3    26.6 

3 

79.6 

96.0 

tI2.6 

1294 

146.4 

163,6 

180.9 

198.5 

216.2 

234.1 

251,2 

270.5    31.3 

^7 

81.3 

98.1 

iiS.i 

132.3 

149,6 

167.2 

184.9 

202,8 

220.9 

239-2 

257.6 

276-3    32^0 

c 

^l 

113.7 

133.3 

153.2 

173.2 

1934 

213.8 

234.5 

255.3 

276.3 

297.5 

319.0    37-1 

£ 

116-0 

136.0 

156.3 

176.7 

197.3 

218.1 

239,2 

260.4 

281.8 

303.5 

325.3    37.9 

S 

MO.5 

132^9 

155.8 

178.9 

202.2 

225.8 

249.5 

273.5 

297.6 

322.0 

346.6 

371.5    43  5 

^ 

112.3 

1354 

158.7 

182.3 

206.0 

230.0 

254.1 

278.5 

303.1 

328.0 

353.0 

378.3     44-3 

'5 

U7S 

153-7 

180.0 

206.7 

233.5 

260,6 

287.9 

315.5 

343.2 

371.2 

399.5 

428.0    503 

\'l 

t29.7 

156.3 

1S3.2 

210.3 

237,6 

265.1 

,  292.9 

320.9 

349.2 

377.6 

406.3 

435.3    Si-2 

M 

146.0 

17^9 

206.0 

2364 

267.1 

297.9 

329.1 

360.5 

392.1 

424.0 

456,1 

488,5    577 

r 

178,7 

2094 

240.3 

27M 

302.8]  3344 

3r^.3 

3984 

430.8 

4634 

496.3    58.6 

199*6 

233.8 

268.2 

302.8 

337.8 

373.0 

408.5 

444.2 

480.2     516.4 

553.0    ^.5 

t 

......w. 

202.7 

237.3 

272.3 

307.5 

342.9 

378.7 

4'47 

450.9 

487,4     524.2 

561.3    66.5 

V 

1^7 

224.0 

263.2 

JO1.9 

340.9 

380.1 

419.6 

4595 

499-5 

539-9    580.S 

621.5'  73.9 

f" 

1  sir-'.     ^ 

228,1 

267.0 

306.3 

345.8 

385.6!  4257 

4fj6,o 

506.7 

547.6    588.8 

630.3    74-9 

> 

351,5 

^94.5 

n7J 

381.2 

425.0;  469.1 

5n.5 

558.1 

603.1     648.3 

694-0    82.7 

- 

255^ 

298.5 

342.3 

386.4 

430.7 

4754 

5204 

565.7 

611.2    657.1 

703.3    03-0 

►J 

332.4 

279.7 

3274 

3754 

423.7 

47^.3 

S2t,2 

570.5 

630.0 

669.8 

720.0 

770.5    92.0 

►7 

235.4 

2834 

$11-7 

380.3 

429.2 

4784 

527.9 

577.8 

627.9 

6784 

729.2 

7S0.3     93-2 

t.o 

257.1 

509-5 

362.2 

415.2 

468.5 

522.2 

576.1 

630,5 

685.1 

740.1 

795-3 

851.0 

lot. 9 

'*6 

260.3 

313.3 

366.6 

420.3 

474-3 

528.6 

583.2 

638.2 

6934 

749.1 

805.0 

861.3 

103. 1 

,% 

'iV' 

3407 

39«/» 

4569 

515.S 

574-5 

633.8 

^^3.5 

7534 

813.8 

8744 

935.5 

112.2 

4 

286.4 

3447 

403-3 

462.3 

521.6 

581.2 

641.2 

701.5 

762.2 

823.2 

884,6 

946.3  "3-6 

'•S 

J  10.3 

3734 

436,9 

500.7 

564.8 

620.4]  694.2 

759.5 

825.0 

891.0 

957.3 

1024.0  123.1 

<} 

U3.8 

377-6 

44<-7 

S06.3 

571.1 

6364 

702.0 

767.9 

834.2 

900.9 

967.9^1035.31"^*^ 

^' 

407.6  1 476  J 

546.4 

616.4 

686.7 

7574 

828.5 

899.9 

971.7  1043.9 

Iii6.q;i344 

[ 

411.01481,9 

552.31623.0 

694.0 

765.5 

837.3 

909.5 

982.0  1055,0 

1128.3  135.9 

k^ 

V:k->.^ 

4434    St8,6 

594.2  1  670.2 

746.5 

823.3 

900.5 

978,0 

1055.9  n34.3 

12 1 3.0  146,3 

r 

372.3 

447-9  15^3*9 

600.3 

677,0 

754.2 

831.7 

909.7 

988,0 

1066.7  1145.8 

1225.3,147.8 

li 

-—   - 

'"-.^ 

562.0 

641, q 

726.2 

808,9 

892 .0 

975.S 

10594 

1141.6  12284 

i3n-5  [158.6 

'' 

\ 

567.6 

650.5 

7334 

816.8 

900.7 

9850 

1069,7 

1154.8  12404 

1326.3  j6o.2 

.  ^  r4 

607.3 

695.7 

784.5 

8737 

9634 

1053.5 

1144.0 

1234.9  1326.2 

1418.0  171. s;! 

524.2 

613,0 

702.3 

791.9 

882.0 

972.5 

1063.41154.7 

1246.5  1338,7 

1431.3  173  I 

'i 

rco^ 

fll'^ 

749.4 

845.0 

94i.l'i037.f; 

1134.51231.8 

1329.6  1427.8 

1526,5  18A.8 
1540.3  186.5 

'■'' 

660.2 

756.3 

852.7 

949-7  1047.0 

1144,8  124^0 

I34»7  1440.8 

2, 

703.0 

805.2 

907,8 

ioto,9  1114,5 

1218,51322.9 

1427.8  1533.2 

1639.0  198.6 

^'                      ; 

709.2 

812.3 

915.8 

1019.8  1124.3 

I229.2ti334^5 

1440.3  1546.6 

1653.3  laoo4 

1 

m 

■i 

ia,  deducting  for  nvet  hole*,  multiply  tabular  value  by  net  width. 
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TABLE  S.^  Continued, 
Moments  of  Ikertia  of  Two  Plates  Oxe  Inch  Wide,  Axis  X-X- 


Monieii(»  uf  Inertfai 

of  I'wo  PUtea 

One  Inch  Wide, 

Axi»  X-X. 


For  Dittafocct 

Mea«iirecl 

from 

loflide  to  luAitte. 


!<■— r— > 


d 
In*. 


S8l 

6oJj 

64} 

661 

66i 
68i 
6Si 

M 

711 


Thickncsa  of  PUte  m  Indies. 


I 


427.8 
431.4 

4^7-5 
461,3 

4fi8.3 
492,i 
520,0 

552.8| 
SS6.9 
586.5 
590,8 

621.3 

6257 
657,0 
661.6 


74i  698.4 

76 J  736.5 

781  775-2 

80)  815 

82) 

84I 
861 

m 


644.4 

649.9 
689.2 

694.8 

7354 
741-2 
783.1 
789.1 

832,3 
838.6 


753-5 
7599 
805.7 
812.3 

8597 
866.5 

9154 

922.41 


883.0  1032.1 
889.5  (039.6 


9o| 

92 

94J 

96I 

98i 
1 00) 
102* 
104 

io6i! 
loSj' 
jioi 
112I 

Ii4l 
n6| 
iibI 
120) 


815. 1 

855,9 
8978 
940.7 
984.6 

1029.4I 
*075-3 

I122>2 
I  170.  J 
I 
1218-9! 
1268.8 
1319.7 
1371.6 


S35'9 
540.5; 

577.8| 

6it.6| 
616.5 

651^3 
656.4; 

692.3 
697.5 
734.5 
739-9 

778.0 

783.5 
822,8 
828.4 

874-5 

93i.9> 

970,5 

1020.4 

1071.6; 
1123,9 
1177.6 
1232,5. 

1288.6: 
1 346,0; 
1404.6 
1464.5^ 

1525.6  1833.012141. 
1 5 8S.0  1908.0  2228. 
1651.6 
1716.5 


862,9    972.9  1083.3 

870.3  98 1. 1  1092.5 
922.711040.1  1158.1 
930.3 1 1048,7  1167.6 

984.4  "09-71235,4 
992.3  1 1  i8.5j  1245.3 

1048.2  1181.51315. 3 
056,311190,6  1325.4 


972.9  I II 3. 9  1255.5  1397.6  ^540.3 
980.1  1122.3  1264.9' 1408,1  1551*8 


kk 


1194.1 
1201.3 
1276.5 
1287.0 


I 


tl 


1305 
1316. 

1395 
1406.911527.3 


if 


1417.3  1539*5 


1429-3 
I5H-9 


1361.7  1488. 

1372,5:1500. 
1449.6  1584. 

1460.8  1596. 


935- 
941. 
989. 
995- 
1051. 

IIOS. 

u66. 
1226. 

1287.8 
1350.7 
1415.1 
1481.0 

1548.4 
161 7.4 
1687.7 
«759.6| 


3  1093.1 

9|noo-8 
01 155.8 
,81163.7 

2' 12284 
I  j  1294-9 
5  1 363- 1 

4  H33-0 

1501.7 
1578,1 
1653.3 
1730,3 

1809,0 
1889.4 
1971-6 
2055.6 

3 
7 
9 
8 


US1.7  1331.8  1482.511633,7 
1190.3  1341.5  1493.2)1  45 '6 


1984-42317, 
2062.3.2408. 


1414.4  1782.7  2141.7I2501 
1478.3  1850.0  2222,6  2596. 
1533.21918.7230^0  2692 
1589,1  1988,612388.92790. 

i<54S-9! 
1703.81 
1762.7: 
1822,6, 


20S9.7>2474.3  2889. 
2132.1  2561.212991, 
2205.712649.613094, 
2280.61 2739.5!  3 199. 


12514 
1260.3 
1323,2 
1332.3 

1406.3 
1482.3 
1560.3 
1640.3 

1722.3 
1806.3 
1892.3 
1980.3 

2070,3 
2162.3 
2256.3 
2352.3 


2450.3 
2550.3 
2652.3 
2756.3 
5  2862.3 
2970.3 
3080.3 
3192.3 

3306.3 
3422.3 

5540.3 
3660.3 


1410.3  1569.8 
1420.3  1580,9 
1491.1  1659.7 
15014.1671.1 

1584,7' 1763 -7 
1670,3  1858.9 

1758. 1  1956.5 

1848.2  2056.7 

1940.5  2159.3 
2035.02264.5 
2131.92372,1 
2230.9  2482.3 


2378.9 
2494.6 
2613. I 

^7344, 

2332-3  2595-0  28584 

2435.82710.1  2985.2 

2541.6l2827.8l3 114.7 

9J3246.9 


1729.9 
1742.1 
1828.8 


5U615.7 
3 1 1628.5 
5  1719.8 
71733.0 


1683.5' 1827.2 
1696.0  1840,8 
1785-51 1937.8 
i798.4Ji95>-8 

1890. 5 '205 1.6 
1903.8  2066.1 
1998.5  2168,7 


1841,32012.212183.6 


1943-3  2123.5  2304.3 

2048.1 

2155.6 

2265.9 


<542.5 
1634.7 

1648.1 

'743-5 
1757-3 
1855.7 

1869.9 

1971-4 

1986.1 
2090.6 
2105.7 

2213.3 
2228.9 
2339.6 
2355-5 


2485.7 
2237.9' 2428.3  26194 
2355-3  2;q;.6;2756.5 
2475.7,2686,1 1 28s>7.2 


2599.012819,93041.3 

2725,  f  ^  "^'^  ^?  ■?t89.o 
2854  fO.r 

2987-^.   4       .474.8 


1642.3 

1656.1 

1 871.7 
1886.5 
1992.1 
1 20074 

'2116,2 

'2131.9 
2244.0 

i2260,2 

'2375-6 
2392.3 

12528.1 

[2667.7 
28110 

3108.9 

'3263.5 
H2r^ 
^;8^ 

13749  7 


i 


1755.5  2iJ^ 
1770.3  mi 

1891,3  139.f 

2000  5  Im!  < 
2016.3  ^^ 

2145.3 16U 

2261 .5  27 ^ 
227R  ? 

2398 0  ;q:; 
2415-3  i^fJ 

2538.5  ]<^ 

27C1 


2850. 
3001 

3486,3  Ut| 


t.^'^'4 


2649.7  2947.* 


2760.0 
2872.6 


3070. 
3195 


29874  3323 
31Q4.513453 


.613381.9 
■7I3519.7 
43660.2 
.63803.5 


3223.8  3586.2 

3345.4'372I4 
3469.2  i8s9.0 
3595-3  3999.2 

3723.6  4141.8 
3854,24287,0 
3987.04434.6 
4122.114584.8 


3949-5 
4098.2 

4249-7 
4404.0 

4561.0 
4720.S 
4883.3 
5048.5 


3122.533874 
3260.935374 
I3402.5  3690.7 
|3546.7  3847-2 

3694.04006.9 

384444169,9 
3997.8,4336.2 
4154.24505.7, 

4313.54678.5 
4475.9'4«54-5 
4641,3  5033-7 
4809.7  5216. 


4981.0 

S155.4 
5332.8 


5402.0 
5591,0 
5783.3 


S513.2I5978-8 


36530 
3814.6 

3979.*^ 
41484 

4320.6 
4496,2 

46754 
4858.0 

5044.2 

52339 
5427-0 

5623.7 

5823.8 
6027.5 
6234.6 
6445.3 


3010.1  4«86,ij;itll 


'4635.0  49^a5l/d?,5 
4823  : 

iJOl,' 

5410,8 '^77^.1 'Tte.^] 

'5614.- 
I582I 

16032.0  ■■-'^^  I. J  pij; 

6246,6  l66?o.:i  ■«!] 


L^iM.i^    Tt^I.j  I 


For  Moment  of  Inertia,  deducting  for  rivets,  multiply  Iftbular  value  bv  net  width. 
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TABLE  6. 

^^■H 

^^Bl  Km&hs  or  Sqv4re  and  Rocnd  Bails  axd 

CutCUMFERENCBS  OF  ROUKD    Baks,             M 

One  Cubic  Foot  of  Steel  Weighing  489.6  lb. 

Weight 

-i 

VVeicht 
of 

• 

Long, 

Area 
of 

y 

in  Sq. 

Area 
of 

© 

Bar 
in  >x.i. 
Inches. 

Circutn- 
ferf-nte 

0 

Bar 

in 

Indies. 

ThJcknesa 

or  Diam. 

eter  ilk 

Incites. 

WdKht 
of 

■ 

Bar 

One  Ft 

Long. 

Weight 
of 

• 

Bar 

One  Ft. 

Long. 

Area 
of 

L 

Bar 
InSq, 
Inchea. 

Area 

of 

Q 

Bar 
in  Sfj. 
Indies. 

Circtim- 
forrncc 

0 

Bar 

in 

Inches. 

■"' 

3 

f 

30.60 
31.89 
33.20 
34-55 

24,03 
25.04 
26.08 
27.13 

9.0000 

9.3789 
9.7656 
10.160 

7.0686; 
7.3662 
7,669«>! 
7.9798 

9.4248 
9.6211 

9.817s 
10.014 

!       013 

.053 
.119 

.oto 

.042 
.094 

,0039 
.01^6 
.0351 

.0031 
.0123 

,0276 

.1963 
.3927 
,5890 

.312 

■.Hi 

.651 

.167 
.261 

•375 
.511 

,0625 

.0977 
.1406 
.1914 

.0491 
.0767 
.1104 
.1503 

7854 

.9817 

1. 1781 

1.3744 

1 

35.92 
3731 
38-73 
40.18 

28.20 
29.30 
30.42 
3*-56 

10,563 

10.973 
11.391 
11.816 

8.2958 
8.6179 
8.9462 
9.2806 

10,210 
10.407 
10.603 
10,799 

J50 
1.076 
1.32$ 

t.6o8 

.667 

,84s 

1.043 

1,262 

.2500 
.3164 
.3906 

47^7 

.1963 

.2485 
.3068 

.3712 

1.5708 
17671 
1.9635 
2.1598 

1 
A 

fi 

41.65 

43  14 

44.68 
46,24 

3271 
3390 
3509 
36.31 

12.250 
12.691 
13. 141 
13.598 

9.6211 
9-9678 
10.321 
10.680 

10.996 
tl.192   1 

11.388 
11.585 

J 

1913 

a.603 
Z.989 

1.502 
1.763 
2.044 

^347 

.5625 
.6602 
.7656 
.8789 

,4418 

.5185 
.6013 
.6903 

2.3562 

255^5 
2.7489 
2.9452 

i 

i 
i 

47.82 

49-4^ 
51.05 

5271 

37.56 
38.81 
40.10 
4140 

14.063 

14.535 
15,016 

15.504 

11.045 

11.416 
11.793 
12.177 

11.781 

11.977 
12.174 
12.370 

3400 
1-838 
4*303 
4-795 

2.670 
3.014 
3  379 
3.766 

t.oooo 
M2R9 
1.2656 
t.4102 

.7854 

.8866 

.9940 

1.1075 

3.1416 

3-3379 

35343 
37306 

■£ 

54-40 
56.11 

57.85 
59.62 

42.73  1 
44.07  , 
45.44 
46.83 

16.000 
16.504 
17.016 
17.535 

12.^66 
12.962 
13.364 
13772 

12.566 
12763 
12.959 
13.155 

1 

5  Si* 
5*^57 
6,428 
7.026 

4-»73 
4,600 
5,049 
5.518 

1-5625 
1.7227 
1,890^1 

2.06^H 

1.2272 

1-3530 
1.4849 
1.6230 

3-9370 
41233 
4.3  <  97 
4.5160 

I 

61.41 

63.23 

65.08; 

66.95 

51,11 

52.58 

18.063 
18.598 

19.141 
19.691 

14.186 
14.607 
15.033 
15.466 

13*352 
13.548 
13.744 
13.941 

7.650 

897« 
9.682 

6,008 
6»520 
7.0;  I 
7.604 

2.2^00 
2,4414 
2.6406 

2,8477 

1.767 1 
1-917^ 
2.0739 
2.2365 

47124 
4-9087 
5  1051 
5.3014 

68.85 
70.78 
7273 
74-70 

54.07 
55-59 
57.12 
58.67  I 

20.250 
20.8 1 6 
21.391 
21.973 

15.904 
16.349 
16.800 
17.257 

14137 

14«334  ; 

14.530 

14.726 

to.41 
IIJ7 
tl.95 
U,76 

84  7« 
8.773 

10,02 

3,0625 

3.2852 

3  5156 
3-7539 

2,4053 
2.5K02 
2.7612 
2.9483 

5.4978 
5.6941 
5.8905 
6.0868 

i 

7671 
78.74 
80,81 

82,89 

60.25 
61.84 
63.46 
65.10 

22.563 
23.160 
23.766 
24.379  1 

17.721 
18.190 
18.665 
19.147 

14.923 
15.119 
15.315 
15-512 

l|.6o 

1446 

15-35 

1  »6.a7 

10.68 

12.06 
12,78 

4.0000 
4-^559 

45156 
4785^ 

3. 1416 
3.3410 
35466 
375^3 

6.2832 

6.4795 
6.6759 
6.8722 

\ 

85,00 
87.14 
89.30 
91.49 

66,76 
68.44 
70.14 
71.86 

25.000 
25.629 
26.266 
26.910 

19.635  1 
20.129 
20.629 
21.135 

15.708 

15.904 
16. 101 
16.297 

17.12 

,  Ifl-19 

19-lS 

20u2O 

13.52 
14.28 
15.07 
15.86 

5.0625 

5-5477 
5.6406 

59414 

39761 
4.2000 

4.4301 
4.e^.^i4 

7.0686 
7.2649 

7.4613, 
7.6576 

I 

93.72 
95.96 
98.23 
100.5 

7360 
75.37 
77-»; 
78.95 

27.563 
28,223 
28.891 
29*566 

21.648 
22.166 
22,691 
23.221 

16.493 
(6.690 
r6.886 
17.082 

«t.25 

14,56 

16.6Q 

1753 
18.40 
19.29 

6.2^00 
6,56^)4 
6.8.706 
7.2227 

4.9087 
5.157^ 
5-4ri9 
5.6727 

7.8540 
8.0!;o^ 
8.2467 
8.4430 

H 

102.8 
105  2 
107.6 

IIO.O 

80.77 
82.62 
84.49 
86.58 

30.250 
30.941 
31.^141 
32.348 

23758 
24.301 
24.850 
25.406 

17.279 

17-475 
17,671 
17,868 

1 

15.71 

26.gQ 

:9  J4 

20.20 
21. 1: 

22.07 

2;,04 

75625 
7,0102 
^,2656 
S.6289 

5.9396 
6,2126 
6.49  IH 

6.7771 

9.2284 

3 

i 

112.4 
114.9 
117.4 

88.29 
90,22 
92.17 
94  14 

33.063 

33.785 
14-516 

35-254 

25.967 
26.535 
27  109 

27.688 

18.064 

!8.26l 

18.457 

IS.653 

1 
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TABLE  6- 

—Continued, 

^^ 

Weights 

AND  Areas  of  Square  akd  Round  Bars  and  Circumferekces  or  ^^o^l 

One  Cubic  Foot  op  Steel  VVbichinc  489.6  lb.                      ■ 

Weight 

VVclfthtL 

Area 

Area 

Circum- 

VVciitht 

Weight 

Area 

Are.1 

of 

of 

of 

of 

ft'iTnce 

of 

of 

ol 

ol    11 

ThickncM 
or  Dlam- 

■ 

• 

y 

© 

0 

Thickjicn 

or  Diam- 

cter  iu 

■ 

• 

!  t 

Indies. 

.  Bar 

Ear 

Um 

Bar 

Bar 

laches. 

B^ 

Bar 

Bi»r 

Bar 

OiMjFt. 

OneFL 

inSq. 

in  Sri. 

in 

One  Ft. 

OneFi. 

in  Sti. 

in  S.i. 

Loajt' 

Long. 

ItlChtt. 

Inches. 

Inches, 

LoAft. 

Long. 

Inthe-i- 

Inchc^ 
63.61 

6 

1224 

96.14 

36.000 

28.274 

18.850 

9 

2754 

216,3 

81.000 

A 

12^.0 

98.14 

36754 

28.866 

19.046 

A 

2793 

219.3 

82.129 

64.SC 

i 

127.6 

100.2 

37.516 

29.465 

19.242 

i 

283.2 

222.4 

83.266 

65.39 

A 

130.2 

102.2 

38.285 

30.069 

19  439 

A- 

287.0 

225.4 

84.410 

66.29 

1 

i32.fi 

IO4.J 

39.063 

30.680 

19  635  1 

i 

290.9 

128,5 

85.563 

67.2a 

A 

135-5 

106.4 

39.848 

31.296 

19,831 

A 

294.9 

231  5 

86.723 

68.1] 

I 

138.2 

108.5 

40.641 

31.919 

20,028 

i 

298.9 

2347 

87.891 

69.OJ 

A 

140.9 

110.7 

41.441 

32.548 

20,224 

A 

302.8 

237,9 

89.066 

6991 

V 

143.6 

II2.8 

42.250 

33.183 

20.420 

i 

306.8 

241,0 

90.250 

70,8« 

A 

146.5 

114.9 

43.066 

33-824 

20.617 

t 

310.9 

244,2 

91.441 

7i.8i 

149.2 

U72 

43.891 

34472 

20.813 

315.0 

2474 

92,641 

72.76c  : 

H 

152.1 

119.4 

44723 

35-125 

21-009 

H 

319-1 

250.6 

93,848 

73^7C«  . 

i 

1549 

121.7 

45563 

35.785 

21.206 

I 

323-i 

253*9 

95.063 

74.^^2  : 

157-8 

123  9 

46.410 

36.450 

2 1 .402 

H 

327.4 

257,1 

96.2S5 

r^/.'ii 

160.8 

126.2 

47.2'^> 

37  122 

21.598 

f 

331,6 

260.4 

97516 

"■ 

W 

163,6 

128.5 

48. 1 29 

37.800 

2179s 

a 

33S-S 

263.7 

98754 

~^"              : 

7, 

166.6 

130.9 

49.000 

38.485 

21.991 

to 

340.0 

267.0 

100.00 

78.540!  3 

7Q.u:   ■ 

^ 

1  169.6 

133.2 

49.S79 

39.175 

22.187 

A 

344.3 

270.4 

101.25 

i 

172*6 

135.6 

50.766 

39.871 

22.384 

i 

3485 

273.8 

102.52 

It     -  ■ 

A 

175.6 

137*9 

51,660 

40.574 

22.580 

A 

352.9 

277.1 

103.79 

4 

178.7 

140.4 

52.563 

41.282 

22777 

1 

3S7*i 

280.6 

105.06 

82.^16  1 

181.8 

142,8 

53.473 

41-997 

22,973 

T 

361.6 

284.0 

106.35 

83.5253 

i 

184-9 

1453 

54.391 

42-718 

23.169 

i 

366.0 

287.4 

107.64 

84,541  I 

188.1 

1477 

55.316 

43 -445 

23.366 

A 

370.4 

3909 

108.94 

85.56:  1 

i 

191.3 

150,2 

56.250 

44-179 

23562 

i 

374.9 

2944 

110.25 

86.^r;C'  ' 

<* 

194.4 

152.7 

57.i9i 

44-918 

23.75« 

ft 

379.4 

297.9 

111,57 

87.6.' 4  ' 

,3 

1977 

1552 

58.141 

45.664 

23-955 

\ 

383.8 

3014 

I12,8q 

KS.f>,4   i 

H 

200.9 

157^8 

59.098 

46.415 

24.151 

** 

388,3 

305.0 

114.22 

897 IC'  i 

i 

204.2 

160.3 

60063 

47.173 

24-347 

392.9 

308.6 

115.56 

90  7'^»>  ] 

H 

207.6 

165.0 

61.035 

47.937 

24.544 

* 

3975 

312.2  ' 

116.91 

9t.8:t  \ 

I 

210.8 

165.6 

62.016 

48.707 

24.740 

402.1 

315.8 

118.27 

92.8S6  1 

{| 

214.2 

168.2 

63.004 

49.483 

24.936 

\l 

406.8 

319.5 

119.6? 

93.95''»  J 

8 

2176 

171.O 

64.000 

50.265 

25-133 

II 

4114 

323.1 

121,00 

95.033 

^ 

221.0 

1736 

65,004 

51.054 

25.329 

ft 

416.1 

326.8 

122.38 

96.116 

A 

224.5 

176.3 

66.016 

51.849 

25.525 

J 

420.9 

330-5 

12377 

^J^l 

228.0 

179,0 

67.03  s 

52.649 

25722 

ft 

435*5 

334.3 

125.16 

965^ 

i 

231.4 

181.8 

68.063 

53.456 

25.918 

'. 

430.3 

337.9 

126 

1 

234.9 

184.5 

69.098 

54.269 

26.1,4 

A      ! 

435-1 

3417 

127 

1 

t 

^-}^'S 

187.3 

70.141 

55.088 

26.311 

*. 

439-9 

345.5 

129  59 

!OI   tf^     ]] 

A 

242.0 

190,1 

71.191 

5S-9I4 

26.507 

ft 

444.8 

3494 

130.82 

102.74   3! 

4 

245.6 

193.0 

72.250 

5674s 

26.704 

i 

449.6 

3531 

132 

1  249.3 

1957 

73.316 

57.583 

26.900 

ft 

454.5 

3570 

133 

1 

252.9 

198.7 

74391 

58,426 

27.096 

459.S 

360.9 

135  ** 

.....,L 

tt 

256.6 

201.6 

75.473 

59.276 

27.293 

H 

464.4 

364.8 

136.60 

I07.2§fl 

i 

260.3 

2044 

76.563 

60.1U 

274S9 
27/>85 

469.4 

368.6 

,38,.^  -.'m 

H 

264.1 

207.4 

77.660 

60,994 

i 

4744 

372.6 

159            ■ 

4 

L 

267.9 

210.3 

78.766 

61.862 

27,882 

479  5 

376.6 

14IC. 

.  ■ 

1 

271.6 

2133 

79.879 

62.737 

2S.078 
!2 

!2 

484.5 

380.6 

14:50 
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TABLE   7 

■ 

1 

I_ 

Propertiks  or 

Cakkecte  I  Beams 

^ 

r 

■   i\ . 

Di  fell  nee 
Center  to 

^ 

J 

t 

1 

«— 

=T=i 

Section 
Modu- 

Maximum 
Binding  Mq- 
ment  (gi  16.900 

Cenicr 
Required 
to  MJtktt 

■  ^ 

< 

i 

« 

:i          ^ 

iiu 

Lb.  per 
Sq.  In. 

Radii  of 

Gynnion 

£qu&l 

I  ^  Moment  of 

r  -  Radiui  cJ* 

s 

Inerti* 

Grration 

I' 

^ 

II 

I 

** 

Aati*  i^z 

Axis  9^ 

Axbt-i 

Axis>-ra 

Axil  t>T 

Ajibi-t 

^Hr 

■ 

h 

I. 

^1 

^t 

Si 

Ml 

I 

IVnmd* 

iacht^ 

iDCbM 

Inches 

Inches^ 

Tnch»4 

Ti)€h«s 

Inrhei 

Inches* 

Foot- Pounds 

Inchd 

I 

US 

34-00 

0.750 

8.000 

i  9SS.5 

83.23 

9^33 

J57 

2464 

328  000 

18,39 

■ 

no 

3348 

0.688 

7.93S 

2   883,5 

Si.o 

9.42 

1.58 

240.3 

321   000 

18,58 

i 

■ 

}^ 

30.9» 

0.62^ 

7.875 

2  8n,5 

78.9 

9*53 

1,60 

234*3 

3irooo 

18.78 

1 

■ 

IK 

29.4  J 

0.754 

7-^54 

2  3«o.3 

48.56 

9-00 

1.28 

1984 

264  000 

17.82 

^ 

■ 

■ 

^7*94 

0.6y2 

7.193 

2  309.6 

47,10 

9.09 

1*30 

192,5 

257  000 

17-99 

■ 

w 

^ 

2647 

0.6  n 

7.«3i 

2  239.1 

45.70 

9.20 

1.31 

186,6 

249  000 

tS.2t 

^ 

h 

25*00 

0.570 

7.070 

2  168.6 

44.35 

9.31 

1*33 

180,7 

241  000 

18.43 

1 

80 

53-52 

0,500 

7.000 

2  087.9 

42.86 

9.46 

1.36 

174*0 

232  000 

18.72 

1 

n 

loo 

2941 

0.884 

7,284 

I  655.8 

52.65 

7.50 

1*34 

165.6 

221  000 

14.76 

95 

17-94 

0.810 

7.210 

1  606,8 

50.78 

7.58 

1-35 

160.7 

214  000 

14-92 

90 

1647 

0.737 

7137 

I  557*8 

48.98 

7,67 

1.36 

155.8 

308  000 

15.10    i 

«S 

25.00 

0.663 

7065 

I  508.7 

47,25 

7*77 

«*37 

150-9 

201  000 

15*30 

8d 

^17S 

0.600 

7.000 

1  466.5 

4581 

7,86 

>-39 

146.7 

196  000 

15-47 

75 

22.06 

0.649 

6.399 

I  268.9 

30.25 

7-5« 

1.17 

126,9  ' 

169  000 

14.98 

1 

70 

20.59 

0.575 

6.325 

1  219.9 

29.01 
27,86 

7.70 

1-19 

122.0 

163  000 

15*21 

65 

ig.08 

0.500 

6.250 

1  169.6 

7.83 

1,21    I 

1 17.0 

156  000 

15.47 

i8 

9«> 

2647 

0.807 

M45 

I  260.3 

52.00 

6.90 

1.40 

140.0 

187  000 

13*51 

■ 

!^ 

*3'0O 

0.725 

I  220.6 

49-99 

6.99 

1.42 

155.6 

181  000 

13,69 

■ 

80 

2353 

0,644 

7.082 

t   180.9 

48,08 

7.09 

1.43 

f3i.2 

175  000 

13,89 

■ 

75 

aa.os 

0.562 

7.000 

I   141.3 

46.23 

7.19 

1-45   i 

126.8 

i6g  ocx> 

14,08 

■ 

?^ 

30.59 

0.719 

6,259 

921.3 

24.63 

6,69 

1.09 

102.4 

136  000 

13.20 

■ 

$5 

19.12 

0.657 

6.177 

881.5 

2347 

6.79 

i.ii 

97.9 

131  000 

13.40 

■ 

60 

1765 

o^SSS 

6.095 

841.8 

22.38 

6.91 

I  «3 

93  5 

125  000 

13.63 

^ 

SS 

15-93 

0460 

6.000 

795-6 

21.19 

7.07 

1.15 

88.4 

118  000 

13-95 

IS 

100 

294T 

1,184 

6774 

900.5 

50.98 

5-53 

I  3t 

120,1 

160  000 

10.75 

95 

27.94 

1.085 

6,675  i 

872.9 

48.37 

5*59 

f.32 

1164 

155  000 

10.86 

^ 

§ 

1647 

0,987 

6,577 

845-4 

4591 

5.65 

1.32 

Xt2.7 

150  000 

10.99 

■ 

15,00 

0.889 

6,479 

817.8 

43*57 

5.71 

1,32 

109.0 

145  000 

11.13 

) 

■ 

80 

35.81 

0.810 

6.400 

79SS 

41.76 

5*78 

1.32 

106.1 

141  000 

n.25 

' 

■ 

7$ 

2S.06 

0.882 

6.292 

691,2 

30,68 

S.60 

i.iS 

92.3 

123  000 

10.95 

■ 

«5-S9 

0.784 

6,194 

663.6 

29,00 

5.68 

1. 19 

88.5 

118  000 

n.u 

■ 

9 

19.  u 

0.686 

6.096 

636.0 

27.42 

5-77 

1,20 

84.8 

113  000 

11.29 

■ 

tio 

17^7 

0.590 

6,000 

609,0 

35.96 

5.87 

1. 21 

81.3 

108  000 

11.49 

1 

■ 

u 

16.18 

0,656 

5.746 

511.0 

17.06 

5.62 

1.02   j 

68.1 

91  000 

11.05 

^ 

■ 

50 

14^71  i  0.558 

5,648 

4834 

16.04 

5.73 

1.04 

64.5 

86  000 

11.27    1 

■ 

p 

4S 

13  H 

0,460 

5-550 

455.8 

15.00 

5*87 

1.07  1 

60.8 

81  000 

1154 

^ 

4» 

1348 

0410 

5,500 

441.7 

14.62 

5.95 

1.0a 

58.9 

79  000 

11.70 

Wk 

SS 

i6.|g 

0,822 

5.612 

321,0 

1746 

4-45 

1,04 

53*5 

71  000 

8.65 

^ 

■ 

9» 

14^71 

0,699 

5.489 

303.3 

16.12 

4-54 

1.05 

50.6 

67  000 

8.83 

■ 

■ 

^ 

13,24 

0.576 

5,366 

285.7 

14,89 

4.65 

1.06 

47*6 

63  000 

9.06 

^ 

■ 

II.S4 

0460 

5.150 

268,9 

13-81 

4.77 

1.08 

44.8 

60  000 

9.29 

^ 

ji 

10.29 

0436 

5.086 

228.3 

10.07 

4.71 

.99 

38.0 

51  000 

9.21 

1 

|t.5 

92^    0.150 

5.000 

215,8 

9.50 

4*83 

1,01 

36.0 

48  000 

945 

d 

23 

J 

TABLE  7.—Cofainued 
Properties  op  Carnegie  I  Beams 


J 

J 

1 

■s 

t" 

^ 

f   J 

n 
J 

Hurtmum 

Lb.  tKT 

THmatx 

CCBtBF 

11 

:      \ 

:i 

I  «  MDmene  of 

r  '^  RiLdiui  of 

"5 

S 

IS 

toertim 

GyTAtioa 

V^ 

Asii  x-t 

Ant.  3-9 

Aadi  i-i 

AxIm>-« 

AxiA  l-£ 

Axb  >-i 

II 

h 

li 

n 

ri 

Si 

Ml 

InehcB 

Pounds 

lodK^ 

IbcIm 

IiichnI 

|dcIi«« 

Iiicb*** 

laches 

Inefacft 

Iti£ha> 

Fool-Pmuids 

l»cli» 

JO 

40 

11,76 

0749 

5.099 

1587 

9.50 

3-67 

.90 

317 

42  000 

7.U 

IS 

10,29 

0,602 

4-9S2 

146.4 

8.52 

377 

,91 

19-3 

39  «» 

7.3i 

3^ 

%Ml 

04S5 

4.S0S 

134.J 

7-6s 

3.90 

■93 

26,g 

36000 

7.57 

H 

7.37 

0,310 

4.660 

IZl^l 

6.S9 

4.07 

■97 

144 

33  000 

7,9» 

9 

35 

10.29 

073  z 

477a 

III. 8 

7-31 

3.39 

.84 

hs 

33  ixjo 

6.3S 

30 

E3i 

0.569 

4.609 

101.9 

t« 

3-40 

-ss 

22.6 

30  000 

6.5! 

^s 

7-35 

0.406 

4.446 

91.9 

3-54 

.as 

20.4 

27   OOP 

6.8^ 

11 

6.31 

0.290 

4.330 

84.9 

5.16 

3-67 

.90 

18.9 

H  ^500 

7.13 

S 

2S'S 

7-SO 

0.541 

4-171 

684 

47S 

3,02 

.80 

17.1 

23  000 

sJi 

23      ' 

6.76 

0.449 

4.179 

64-S  1 

4'39 

3-09 

.81 

16.1 

21  ono 

5.96 

SO'S 

6.01 

0-3S7 

4.087 

60.6 

4,07 

3^7 

,82 

15,1 

20  000 

6.U 

IS 

5^33 

0,270 

4.000 

56,9 

37« 

3-^7 

<84 

14,2 

19  000 

6.31 

7 

20 

S,8S 

0458 

3J68 

42.1 

3^24 

2.68 

■$ 

12,1 

16  000 

,     $H 

17  5 

sn 

0-353 

3763 

392 

2.94 

2.76 

ri.2 

15  000 

S-31 

IS 

442 

0*250 

3.660 

3^^z 

2.67 

2.86 

78 

104 

14  000 

S-Sfi 

6 

17.2s 

5^07 

0475 

3-575 

26.2 

2.36 

2,27 

.68 

87 

II  600 

4-3! 

14.7s 

4^34 

0-3  Si 

3  45i 

24.0 

2,09 

^■35 

-69 

8.0 

10  700 

449 

12.15 

3.61 

0.330 

3-330 

J1.8 

i-es 

2.46 

7^ 

73 

9  700 

4.7^ 

5 

M7S 

4-34 

o.ijo4 

3-294 

IS-2 

1.70 

1.87 

.63 

6.1 

8   100 

I2.2S 

3.60 

0357 

3,147 

IJ.6 

1-4S 

194 

.63 

S4 

7  300 

975 

a^S7 

0.210 

3.000 

12.1 

1.23 

2.0s 

.65 

4.8 

6  400 

4 

10.S 

3.09 

0.4  TO 

2.8S0 

7-1 

1. 01 

1.52 

^S7 

3-6 

4  800 

9"S 

279 

0  337  ' 

2.807 

6.7 

'93 

I -55 

.58 

34 

4  500 

8.5 

2.50 

0.263 

27.^3 

64 

Ms 

I  59 

.58 

3-1 

4  200 

7'S 

1.21 

0,190 

2.660 

6,0 

77 

1.64 

^59 

3-0 

4  000 

7-S 

2.21 

0.361 

2.521 

2.g 

.60 

I-IS 

.52 

1.9 

2  600 

3 

6.5 

1.91 

0.263 

2.423 

2.7 

,53  '   1.19 

-S2 

1,8 

2   400 

5*5 

1.63   '  0,170 

2.330 

2S 

.46  ,   1.23 

-S3 

17 

2    200 

SUPPT-EM 

exTARY  Beam 

s 

27 

S3 

1441 

0.424 

7500 

2888.6 

53.1 

10,8^ 

»47 

214.0 

285   300 

3I.S* 

24 

69.5 

20.44 

0.390 

7,000 

1928.0 

39^3 

971 

1-39 

160.7 

214    220 

I92J 

21 

S7-S 

16.85 

0,357 

6.500 

I5^7-S 

28.4 

8-54 

1.30 

116,9 

15^   880 

16.87 

iS 

46.0 

13-53 

0,322 

6.00D 

733-2 

19.9 

7.36 

1.21 

81.5 

108   620 

145^ 

JS 

J  6,0 

10.63 

0.2S9 

5.500 

405.1 

^hS 

6,17 

1.13 

54-0 

72  oao 

n.14 

12 

27-5 

8.04 

0.25S 

5.000 

199.6 

8.7 

4.98 

1.04 

33-3 

44  3SO 

9-74 

IQ 

ia.o 

6.S2 

0.232 

4.670 

113,9 

6.4 

4.1a 

0.99 

22,8 

30  370 

8.12 

S 

17-5 

515 

0.210 

4-330 

58,3 

4-5 

3-37 

0.93 

14-6 

19  4SO 

64S 

24 


TABLE  8 
Elements  of  Carnegie  I  Beams 


^Hf 


"•Od^ 


» 


90 
«S 

Bo 

7S 
70 
6$ 
60 


'  Flanie 


Web 


Locbes    Incbei 


7i 
7 

H 

6 


fl 


J 

t* 

71  f 

6 

6 

8 

6 

1 

H 


I  Web 


Inchea 


1 

i 


A 
i 

A 
I 

A 
A 
1 


Inches  Inches 


zo| 

20I 

20i 

zo} 

20} 


i6i 

17 
«7 
17 


III 


Ft. -Lb. 


328  000 
264  000 
257  000 
249  000 
241  cxx> 
232  000 


22t  000 
214  CXX) 
zoS  000 

201  000 
196  000 
169  000 
163  000 
156  000 


187   000 

tSi  000 

175   COO 
169  000 

tj6  000 

131  000 

125  000 
u8  000 


GcLse       Grip 


f    j   b 


Inches     Incbett 


1| 


Dia-        ijji 
tance    |    B  ^  g 


Inches 


;5 

A 

i 


1 

A 


I 


Incbn    Inched 


16 


16 


16 


J 

X 
X 


TABLE  B,—Conlinued 
Elehents  of  Carnegie  t  Beams 


I 


II 


FlODgE 


W£b 


InchM  Potiads    laches    Imxbea 


40 
30 

2l 


35 


5l 

4i 
4J 


4! 

4i 


A 


I  Web 


tuchjct 


f 

A 


i 
i 


Inches 


Incha 


111 
1^^ 


Ft.-Lb. 


41  000 
39  000 
36  000 
33  QOQ 


33  000 
27  000 

2S   OOP 


Gaeie 


Inchd 


•I 


2l 


Gfip 


Incbe 


IMv 


lochei 


t 
t 


I 


ll 


lod^et  IfiCliBii 


^5-5 
18 


ji 

4t 

4 


A 


23  000 

2t  OOD 
20  000 
19  OOP 


2l 
2i 


20 

1 7-5 


17,2s 
H'7S 


14*73 
12.25 

9-75 


9-S 

7-j? 


7S 

-ill- 


Ji 

3 


1 

A 
t 


si 

1 


jj 


Ji 


i 


i 

i 


16  CXK) 

13  000 

14  OOP 


2i 
It 


5l 

3l 


II  600 

10  700 
9  700 


A 

1 


A 
t 


8  too 

7  300 
6  400 


1} 
•1 


A 


4  800 

4  500 
4  200 

4  CXX3 


'i 


A 


A 

A 


A 
A 
A 

A 


A 


2  600 
2  400 
2  200 


A 
A 


A 


SUPPLEMENTARV    BeaMS 


i6"Xi" 

27 

83,0 

7i 

A 

t 

2.i 

2i 

2«S  3<» 

4 

i 

A 

Xl-4' 

16"  Xi" 

24 

69.S 

7 

i 

A 

«a 

si 

ZI4  220 

4 

H 

i 

16"  Xi'', 

21 

57-S 

fii 

i 

A 

16J 

»1 

i»5   »8o 

4 

H 

i 

XI' -4" 

16"  XI". 

iS 

46.0 

6 

A 

A 

14 

2 

108  620 

3! 

1 

1 

Xi'-i" 
12"  XI'' 

'5 

36,0 

si 

A 

ft 

Ml 

H 

72  0*0 

3i 

A 

i 

Xt'-«' 

«"xr 

12 

^7-S 

S 

} 

i 

Si 

It 

44  JSO 

} 

i 

A 

Xl'-f 

vxf 

10 

i2.0 

4: 

i 

i 

rl 

a 

30  370 

2} 

A 

A 

xr-f 
«"XI" 

8 

17-S 

4i 

1 

i 

5l 

•  i 

«9  450 

2i 

A 

A 

Xo'-r 

TABLE  9 
DmEHsioNs  Am>  Elewekts  of  Stant)ard  Carnegie  I  Beams 


1 

^—J^-f 

fT 

\            :i 

h   '    11 

•LOfc  OF  fiMnoa-MM 

Lhtl    A«a 

Width 

Thick' 

L.. 

Axiai-i 

AjdMS-t             \ 

r ,  of 

be     Sectioa 
L 

of 

Flange. 

b 

t 

Root, 
m 

Toe.    !  Radius, 

1 

n 

r 

1 1^1 

Si-t 

rt-i 

1^7 

S9-$      ' 

iva 

r   1 

Pds    Sq.  In. 

Inches 

Inches 

iDChcfl 

Inches 

lache* 

Inches* 

InchM* 

Inches* 

Inched 

In. 

30.98 

7-875 

0.625 

1.404 

o.Roo 

0.60 

2   811,5 

234.3 

953 

78.9 

20.0 

1,60' 

i6.47 

7-131 

0.631 

1.14^ 

0.600 

O.Co 

2   2384 

186,5 

9,20 

457 

12.6 

I.31 

23.32 

7.000 

0,500 

t.i4i 

0,600 

0.60 

2   087.2 

»73'9 

9.46 

42.9 

12.2 

1.36 

^3-73 

7.000 

0.600 

1.1H3 

0.650 

0.70 

I    466,3 

146.6 

7.86 

45.8 

13.1 

1.39 

1908 

6.2S<> 

0.500 

1 .019 

0.550 

0,60 

1    169.5 

117.0 

7.H3 

27.9 

8.9 

I.2I 

22.05 

7,000 

0.562 

1.195 

0.659 

0.66 

I    141.3 

126.8 

7.19 

46.2 

13.2 

1.45 

. 

17.65 

6.09s 

<^'55S 

0.912 

0,460 

0.56 

84 1.8 

93-S 

6.91 

224 

7-S 

1. 13 

"S-93 

6,000 

0.460 

0.912 

0.460 

0,56 

795.5 

884 

7.07 

21.2 

71 

MS 

t 

!7.67 

6.000 

0.590 

1.041 

0.590 

0.69 

609.0 

81.2 

5^7 

16.0 

8.7 

1,21 

1 

1471 

sx^H 

0.558  " 

0.834    0410 

0.51 

4»34 

64^5 

5-73 

16.0 

57 

1.04 

11 48 

5.500 

0.4  [0 

0.834 

0.410  ;  0.51 

4418 

58.9 

S'95 

14.6 

5-3 

1.08 

! 

9.26 

5.250 

0.460 

0.859 

0460 

0.56 

263.9 

44.8 

4.77 

13.8 

5*3 

1.08 

*s 

5.000 

0.350 

0.738 

0.350 

0.4s 

215.8 

36.0 

4.83 

9.5 

3.8 

1. 01 

8.H2 

4.B05 

0455 

0.673 

0.310 

0.41 

134.2 

26.8 

3.90 

7.6 

3.2 

0.93 

7.57 

4.660 

0.3 10 

0.673 

0.310 

041 

122.1 

14.4 

4.07 

6.9 

3.0 

0,97! 

t 

6.31 

'  4^330 

0,290 

0.627 

0,290 

0*39 

84.9 

18.9 

367 

5.1 

2-4 

0,90 

i 

sn 

4.000 

0.270 

0,581 

0,270 

0.37 

56.9 

14.2 

327 

3'» 

1.9 

0.84 

Usj    3'6i 

s-n<^ 

0,130 

0.488 

0,230 

0.33 

21.8 

7-3 

2.46 

1.8 

t.l 

0.72 

TABLE   10 
Dimensions  and  Elements  of  Supplementary  Carnegie  I  Beams 


.'m:^ 


^1' 


T. 


AtOPf  OF  ruMNCEt  1  f 


1^=!^.- 


.^^ 


17.50 
17-00 

95;  6.50 

,6.00 

5.50 


4241 


In. 


Dimensions  for  Double 
Curve 


la.       la. 


185  0.596^1.521  0.208 

an  O, 


i55P* 
2320. 
2100. 


o. 
,i>o5|o. 
7100, 
647I0. 
58310. 


540,1.392 
484J  1.263 

42711I.134 
371  1.005 

3i5M7^ 
277,0,790 
24010,704 


0,195 

0.172 
0.159 
0.146 
0.123 
0.114 
0,105 


R 
In. 


645 
5.88 

531 

475 
4.18 
3.61 
3.24 
2.S6 


In* 


0.65 
0.60 
0.55 
0.50 

0-45 
0.40 
0.37 
o>33 


Axt«  i-i 


I.-1 


Ia.« 


2$88.6 


1227.5 
733-2 
405.1 
199.6 

II  3.9 
58.3 


Si^i 


In.« 


214.0 


1928.0    160.7 


116.9 
81.5 
54*0 

33'3 
22.8 
14,6 


Itt. 


10.88 
9.71 
8.54 
7.36 
6.17 
49« 
4.18 
3.37 


Axis  9-i 


Ii^ 


tn.« 


53.1 
39.3 
284 
19.9 
135 

6.4 
4-5 


S».^     ri~ 


In.«      In. 


14. 1 
11.2 

8.8 
6.6 
4*9 
3-5 
27 
2.1 


147 
1.39 
1.30 
1. 21 
1.13 
1.04 
0.99 
0,93 


27 


4 


TABLE  11. 
Web  Rbsistancbs  for  I-Bbams. 


Cakksgie  I- Beams*  From  Caknegib's  Pocebt  Comfanioh. 

Dcptli 

Wdaht 

Allowable 

Ailowahle 

Min. 
End 

End 
Reac- 

E»epth WeiRht 

AUowabk 

AUovmblo 

Mln. 

of 

F^t, 

Web 

Bucklios 

Bear- 

tion 

of           p'^r 

Wfrh 

Bttcklinc 

Bar- 

Beam 

Shear, 

EefdataiuY. 

log- 

a=  34"- 

Beam,      Fool, 

Sh<ar, 

Reidttance- 

iat- 

Inchfifl. 

Pounds 

Pounds. 

Foundi 

per  Sq.  In. 

Inches. 

PoundiL 

Inches.  Poiinda. 

PqudiUi 

Potiisdi 
per  Sq.  Id. 

indies. 

^7 

&3J0 

1144S0 

7970 

37-1 

a4650 

55* 

50.0 

83*80 

16470 
16030 

4^ 
4  5 

ItSJO 

ISOOOQ 

13460 

IJ.S 

gSSSo 

450 

69120 

1S390 

4J 

IIOJQ 

I6SI3CI 

11960 

13.5 

B4690 

12 

40.0 

55309 

14480 

5-3 

t(»5.o 

tjOOOO 

IJJSO 

13-4 

73320 

35.0 

53320 

14330 

54 

100.0 

180960 

13490 

11^ 

96630 

31.5 

43000 

^3060 

6.3 

^4 

9S.0 

I&6370 

IJOOO 

13.5 

B5610 

a7.S 

30600 

ii>ISO 

84 

90  J9 

151440 

13410 

13.3 

74410 

40.0 

74900 

1669a 

3.5 

SSJI 

ii6S<)0 

11710 

14.S 

63410 

35.0 

60300 

161 30 

3.7 

So.0 

IJOOOO 

10600 

16,5 

507*0 

10 

JO.O 

45500 

15100 

4-1 

69-5 

93600 

S340 

33.ft 

30910 

35.0 

31000 

13410 

Sjo 

31 

S7.S    1 

74Q70 

Si  30 

16.6 

27540 

32.0 

33200 

IIS40 

6^ 

too.o 

it6«oo 

i^ofio 

fi-J 

113330 

35^ 
30.0 

65S80 

51310 

16870 
16  260 

3-1 
34 

9S.O 

163000 

14730 

&Jb 

101J7O 

9 

35.0 

36540 

IS  160 

3-7 

90.0 

147400 

14300 

9-0 

89590 

31,0 

26100 

13620 

44 

20 

«S.o 
SOhO 

ija6ao 

ItOQOO 

I37B0 

13330 

9  5 
10.1 

776JO 
67460 

^S-5 

433*0 

16440 

3.9 

7S.O 

isoSoo 

13660 

9J^ 

753*0  ' 

2i.O 

35920 

15910 

3.0 

7O*0 
65.0 

1 1 5000 

lOOOOO 

laijSo 
laofio 

10.4 
li.6 

63420 
51330 

a 

30.5 
18.0 
17.5 

3*560 
31600 
l6»0o 

15130 
13870 
13400 

3.3 

1.8 
4'5 

i4Sa6o 

IS140 

7-4 

97T30 

20.0 

32060 

16350 

>-5 

Ss.o 

rjosoo 

14700 

7.7 

85360 

7 

17. 5 

34710 

15570 

2.7 

i8 

7S*0 
70,0 

I 159 JO 
I0U60 
1 29410 

t4[6o 
13450 
14670 

a.9 

7^8 

7?940 
60480 
S43.'iO 

JS.o 
17.35 

17500 
38500 

1415c 
t6Sio 

3.3 
3.1 

6S»0 

114660 

i4no 

aa 

71890 

6 

14.75 

31130 

16050 

3.x 

60 .0 

99900 

133*0 

9'0 

59430  ; 

iaj5 

13*00 

14480 

3j6 

ss^o 

^ifLOO 

133313 

10.3 

44980 

17.0 

19000 

16730 

l.^ 

4^.0 

57960 

9  J  30 

14-8 

3401Q 

14-75 

3SaOO 

17380 

MS 

7S.O 
70.0 

IJJ30O 

117600 

16050 
15690 

5^ 
5^8 

r0766o 
8gi6o 

5 

I3.;i5 
9.75 

17850 
10500 

16580 
I4S79 

l,i 
3,1 

6s.a 

lOZOOO 

1^310 

6.1 

75650 

;   10.5 

16400 

1731O 

1.3 

60.0 

SHSCIO       1        14600 

6.5 

62440 

4      1       8.5 

IJ480 

I&94O 

14 

IS 

S5*o 

98400          1 5040 

6.2 

7TS30 

tOSaO 

i6j6o 

14 
IJS 

S0.0 

S3 700             14J40 

6-7 

SHojo 

7^ 

7600 

15360 

45*0 

69000         13350 

7-5 

44530 

7.5 

10830 

17560 

1.0 

430 

61500    1     12670 

S.I 

37660 

3 

6.5 

7«90 

1 70  JO 

1,0 

36,0 

433SO      1       iQOio 

11.2 

20970 

S^S 

sioo 

ISOSO 

it 

j           Fa 

T  cxpIanatiDri  of  above  ub\c  see  f 

ootnole  ' 

Fable  16. 

Cambkia  I-Bkams 

Unifobm 

LY  LoMiW^,  From  CAMnitiA's  Handbook, 

la. 

Is 

1^1 

Ft, 

In." 

m 

it 

.d 

1 

1^ 

ui 

il 

1' 

It  Ifl 

Lb. 

Lb. 

Lb- 

Lb- 

Ft, 

In. 

Lb- 

Lb.    , 

Ft. 

IQ. 

Lb- 

1 109041 

tOQOO 

1.7 

8 

IS 

36310 

42 

13 

SO 

[76350 

3.a 

I» 

S5 

e.s       I77QO 

1*1 

30, 35 

53S6o 

3.1 

55 

213760 

2.8 

6a       155SR^ 

7*S      as  3  JO 

*9    ' 

33.75 

72760 

^4 

6s       WiOi* 

35.35 

$11500 

3.1 

15 

42 

S6530 

7-3 

70 

2j2S;( 

?.s 

ISJ30 

iA 

41 

10610a 

6.3 

fi,s 

J267O 

1.6 

P 

31 

43450 

4.8 

SO 

146360 

4.8 

30 

6S 

12915! 

p.i 

30S30 

i.a 

35 

71SJO 

3.1 

55 

186740 

4.0 

70 

1699* 

lO.S 

jTSaO 

1. 1 

30 

109630 

34 

60 

223070 

3.6 

75 

300911 

9-7S 

JO050 

3.6 

JS 

146670 

1.9 

iS 

60 

160040 

5^5 

f>o 

&> 

18171* 

13*35 

397  30 

1.5 

10 

3S 

48960 

5.4 

65 

301330  ' 

4.6 

*5 

3i46« 

14.7  S 

S74t>0 

I.J 

JO 

S6630 

li 

70 

237380 

4.1 

90 

3ST01* 

Ta,3S 

as  130 

i.t 

^$ 

1 26460 

75 

^76990 

3.7 

95 

39S4* 

I4^TS 

44330 

2.0 

40 

165320 

3  a 

So 

316160 

SA 

too 

3UiS< 

,17.35 

62S©0 

I.& 

13 

31. s 

63Sgo 

6.3 

IS 

80 

347900 

4>6 

34 

80 

r37S* 

ts 

JOSiO 

3-7 

35 

91730 

4  5 

85 

287290 

4.3 

85 

I6685S 

17.S 

49330 

3.S 

40 

130540 

3-S 

90 

322350 

3-9 

90 

30145* 

aa 

60540 

1-9 

IJ 

40 

99380 

4-9 

95 

3617*0 

3.6 

95 

239IH 

45 

IjRiiO 

3.a 

too 

399230 

J«4 

100 

37?97< 

1% 
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Safe  Loads 

,  IN  Tons 
Ajiericak 

TABLE  12 
,  AND  Deflections,  Carnegtb  I  Beams 
BRit>GE  Company  Standards 

^ 

1  Weight 
Stc     iP^^  Foot, 
1  PDOndJi 

Length  or  St>AN  in  Fbkt                                                        1 

to 

It 

ta    1 

n 

44 

is' 

16 

17 

16 

20 

at 

24 

a6 

as 

30 

33 

1     lOO. 

tio 

88 
86 

83 
80 

77 

101 

81 

?r 

74 
71 

94 
76 

73 
71 

88 

71 
68 
66 

82 
66 
64 
62 
60 
58 

77 
62 

60 
59 

57 

^5 

73 
59 
57 
55 

54 
52 

66 
53 
51 

48' 
46 

60 
48 

47 
45 
44 
42 

55 
44 
43  , 
41 

40 
39 

51 
41 

39 
38 

11 

47 
38 
37 
36 
34 
33 

44 

35 
34 
33 
32 
31 

41 

33 
32 
31 
30 
29 

h" 

9a 
8s. 

8o. 

69     ^± 

66 

62 

Drf. 

./o 

,12 

'^4 

.16 

./^  ' 

,20 

,22 

.2S 

33 

.40 

'47  '  -54  1 

.62 

29 
29 
28 

27 
26 

23 
22 
21 

28 

27 
26 

25 

24 
21 
20  > 
19 

W 

too. 

95. 
90. 



74 

i 
1 

54 
52 

68 
66 
64 

62 
60 
5i 
50 
48 

6j 
61 

59 
57 
56 
48 
46 
45 

59 
57 
55 
54 
52 
45 
43 
42 

SS 
54 
52 

50 
49 
4^ 
41 
39 

52 
50 
49 
47 
46 

40 
38 
37 

49 

48 
46 
45 
43 
38 
36 
35 

44 
43 
42 
40 

39 
34 
33 
31 

40 
39 
38 
37 
36 
31 
30 

28 

37 
36 
35 
34 
33 
28  1 

27 
26 

34 
33 
32 
31 
30 
26 
25 
24 

32 
31 
30 
29 
28 
24 
23 
22 

,.... 

ftf. 

./2 

./^ 

.16 

.10 

.^/ 

.24 

'^7 

•?? 

.40 

^ 

-5a 

As 

'74 

.8s 

If" 

90. 

II: 

70. 

62 

60 

^5 
56 

45 

44 

4^ 

39 

57 
SB 
53 
52 
4i 
40 

36 

53 
5> 

SO 
48 
39 
37 
36 
34 

49 
48 
46 

45 
36 
35 
33 
31 

46 
45 
43 
42 
34 
33 
31 
29 

43 
4i 
41 
39 
32 

31 
29 

2« 

41 
40 
38 
37 
30 
29 
28 
26 

37 
36 

35 

33 
27 
26 
25 
24 

33 
32 
3t 
30 

25 

24 
23 
21 

31 

30 
29 
28 

23 
21 
21 

20 

28  1  26 

24 

24 

23 

22 

t8 

17 

17  1 

16 

23 
22 
21 
21 

17 
16 
16 

15 

27 
26 
26 

2t 
20 

19 
t8 

25 

25 

24 
19 

19 

t8 
«7 

-.3 



iM. 

■/? 

./<5 

./.? 

^/ 

.^^ 

--'7 

'30 

■37 

■45 

■S3  i  '^^  1  *7^ 

M3  1  .e-r  1 

8c. 

53 
5^ 

JS 

47 
41 

36 
30 
29 

^7 
36 

'1 

46 

45 
44 

36 
35 

11 

26 
»5 
^4 

46 
44 

43 
41 
40 

35 
34 
3^ 

11 

25 
J3 

22 

43 
41 

40 
39 
38 
33 
31 
30 
29 

^4 

23 
22 
21 

40 
39 

IS 

35 
31 
29 
28 

27 
23 

2t 
20 
20 

38 
37 
35 
34 
33 
29 
28 
27 

25 
21 

20 

19 

_l8_ 

'3^ 

36 
34 

33 
32 

31 
27 
26 

25 
24 
20 

^9 
18 

>7 

32 
31 
30 
29 

28 
25 
24 

23 
12 
18 

»7 
16 

16 

29 
28 

27 
26 
26 
22 

2t 
2t 
20 

\l 

15 

H 

■S3 

11 

25 

24 

24 
20 
20 

19 

18 

IS 
H 
H 

64 

25       23 
34       22 

23         21    ; 
22       il 

21 
21 
20 
i9 
19 
16 
16 
>5 
H 
12 
ft 
It 
10 

20 
19 
19 

V 

8^. 

75* 
70. 

& 

SO 
45. 

4^» 

57 
49 

47 
45 

$ 

14 
3^ 
11 

51 

45 
43 
41 
39 
53 
31 
29 

29 

22 
19 
18 

»7 
17 
H 
<3 
12 
12 

20 
18 

17 
16 

IS 
13 

12 
12 
II 

l>ff. 

./f 

/i 

./e5 

.ro 

^-j 

•^S 

.^S 

^.^  \  -f4 

75 

.87 

'9Q  1 

12" 

5S< 

40- 

29 
37 
25 
24 
40 

19 

26 
as 
^3 
22 

17 

22 

2t 

10 
17 

16 

22 
21 
20 
18 
16 
15 

20 

19 
t8 

17 
H 

19 

t8 

17 
16 

H 

13 

18 

17 
16 

15 
13 

12 

17 
16 

15 
14 
12 
11 

16 
15 
14 
13 
It 
11 

14 

13 
13 
12 
10 
10 

13 

12 
12 
]] 

9.2 
87 

12 
tf 
If 

10 

85 
8.0 

11 

10 
9.8 
9.2 
7.8 
74 

10 
9.6 
9.1 

8,s 

9^5  j'--.' 
9.0   . , .  , 
8.4   . , .  . 
8.0   .... 
6.8    .... 
64       .- 

D./. 

^i 

•^7 

.20 

•^i 

^^r 

-JJ- 

'3S 

40 

•4S 

Ji    .^57 

79 

•93 

r./ 

1.2   

The  iigares  give  the  safe  uniform  load  in  tons,  based  on  extreme  fiber  strets  of  i6,ooo  lb.,  or    ' 
the  ^nd  r»'»etioni  from  safe  uniform  load  in  thousands  of  pounds. 

Far  load  concentrated  at  center,  use  one-half  of  figures  given  for  allowable  load  and  four-fiflhii 
values  given  for  deflection. 

Fittirt*«  for  deflections  are  given  in  incheg, 

Fhr  fiignres  at  right  of  heavy  zigzag  lines,  deflections  are  considered  excessive  f^>r  plastered 

29 

TABLE  12.— Coniinued. 

Safe  Loads,  in  Tons,  and  Deflections,  Ca&negie  I  Beams. 

American  Bridge  Company  Standards. 


SiK. 

Weight 

Lkkctb  of  Spas  ik  Fbwt. 

Foot* 
Pounda. 

4 

5 

34 

31 

26 

6 

26 
i4 

7 
15 

21 
20 

iS 

16 

9  1  10 

II 
IS 

u 
13 

12 

%3 

H 
tr 

>3 

14 

IS 

16 

17  1  li  1  ae 

t&* 

40. 
35- 

19 

14 

14 

10 

12 
II 
10 
9-3 

II 

10 

9-S 

8,7 

It 

9.8 

8.9 
8.1 

to  ,94 

7-7  I7.2 

7-8  j: 
^■5 

Drf. 

.  . . . 

.0^ 
27 

H 
It 
20 

.06 

iS 

»7 

.oS  1 .// 

IS 

13 

12 
U 

.^7 

^3 
li 
It 
10 

.20 

H 

^s 

-?-? 

?7 

-P 

-#^  -5^ 

.d*. 

9" 

35- 
30. 

11. 

19 

14 

12 
11 

9-9 
9.2 

.22 

II 
IP 

r; 

10 

8.4 
7-7 

1:1 

7.2 

S.8 
8.1 

B.3 

li 

4i 

7*8  7415-^1 
7-1  67J6.0 
646*15-4 
^5-6'h': 

D.f^ 

-- 

'^5 

.07 

MQ 

*i2 

JJ 

-?7 

.?/ 

J<S 

.4/ 

47 

^,6o\.74i: 

8" 

20.S 
18. 

15 

IS 
14 
IJ 

n 
10 

^■2 

13 
12 
11 
It 

10 
9*5 

'"J 

9.0 
8.4 

9.1 

S.I 
7.6 

7  3 
6.9 

7,6 
7.2 
6.7 
6.3 

7.0 
6.6 
6.2 

1:5 

54 
,1/ 

o.t 
5-7 
54 

sa 

15*7 
^54 
5*1 
47 

S4 
4-5 

5.1  4*^, 
4-8  4-3 

4*^!3-S,. 

Df/. 

^::; 

.05 
13 

tl 

.to     ,/i 

7a 
6.1 

.21 

6.4 
6.0 

5-r 

5-0 

.f(? 

^47lS^\-^ 

.67ii?l 

7" 

20. 
15^ 

9-2 

S.5 
7-9 

8,0 
-^5 

54 

46 

4.6 
4-3 

4-6 

4-1 

1*9 

4*3 
4.0 

3^7 

4.0 

37 
3-5 

3^a 
3.5 
33 

13-^,3*2  |. 

£)//. 

.0^ 

.00 

./2 

,^9  '  -1$ 

•40 

.46 

5?  :.fi/ 

M 

77'<?i^ 

G" 

17.25 
U-7S 
12.25 

11 

9-7 

93 
7.B 

7.B 
71 

&-5 

6.6 
6,1 

5.8 

S-3 
4.8 

S.2 
4-7 
43 

4-7 
+■3 
3-9 

4.2 
1.9 

3-5 

3.6 
3.2 

3.6 

3-3 
3.0 

3-3 
3*0 
2-8 

J.I 
2,8 
2.6 

2.9 
2.4 

^-7, 

2.S 

--■ 

Drl    ' 

.04 

.07 

s.a 

3  4 

,/fl 

^H 

./^ 

.^5 

.j^ 

.^^ 

.4« 

2,2 
2.0 

2.3 
2.1 

i.S 

.^5 

.dj 

-7i^ 

1-9 
17 
1-5 

S" 

14  75 

97$ 

8.1 

2:1 

4-3 
3.2 

2.S 

-J5 

4.6 
42 

4.0 
.J/ 

3.6 

2.Q 

3.2 
2.9 
2.6 

2,3 

2.7 

2.4 
2.2. 

2*2  ,2,0 

1.9^1^5 
1,7 '1.6 

Drf. 

4.8 

+■5 
4.0 

2.6 
24 

2.2 

.27 

^?,? 

■■/'^ 

■0    -5^ 

^74  A^  .o6\ 

4" 

io.§ 
9-5 

7-5 
Drf. 

2.7 
2.4 

2.4 

2. J 

2,0 

lA 

1.9 

T  S 

1.9 
t.7 

I,Q 
,96 
.8S 

■if 

i.S 

Ih4 

1.4 
1.1 

.... 

'■- 

... 

— - 

.Jfi 

.?? 

.S7  !  Jo 

,So  ■  /73 
.67  1  M 

3" 

1.9 

17 

1,1? 

1-4 
1.'? 

-'7 

1.3 
1,2 

I.I 

■ii 

l.t 

■4S 

'!!  a!!! 

:::i::::'A:.' 

1 

< 

_  1 
1 

...  .1... 

"r*~ 

\ 

r 

The  fiiLjurea  give  the  ^fc  uniform  load  in  tons,  based  on  c-xtreme  fibre  stress  of  16.000  !t 
Ihc  end  reaction  a  from  safe  uniform  load  in  thousandji  of  pounds. 

For  load  concentrati^l  at  center,  use  one-'half  of  fi^iirea  given  f<ir  iiafe  loads  and  four-filtJ 
the  valuer  given  for  deflect  it  ma.     Figures  for  dcllections  are  given  in  inches. 

For  figures  at  right  of  heavy  li^za^  Kn^^,  dt'HtK^tions  are  cxces!iive  for  plastered  ctilinc 

TABLE  12a. 
Percent  of  Tabular  Safe  Loads  for  Beams  and  Channels  Without  Lateral  Supi 


Authority. 


Cambria 
Am.  B.  Co. 


Ratio  of  Span,  or  Distance  Between  Lateral  Supports,  to  Flange  Width. 

S       50  !  SS     60     65  '  70  j  75  I  80     8s  :  90 


100 
100 


100      99 
91    I    81 


25    I    30 


93 
72 


87 
63 


80 

53 


73 
44 


67  61 156;  SI  1 47  43 1 39 1 36  33 :3o. 

Ratios  above  not  allowed  by  American  Bnc 


The  tabular  safe  loads  should  be  reduced  in  accordance  with  the  ratios  given  in  the  above 
in  order  to  insure  that  the  stresses  in  the  compression  flanges  should  not  exceed  the  allowed  unit 

SO 


^Km                                                  TABLE  U.                                                               1 
Safe  Loads,  in  Tons,  ako  Deflections,  Supplementary  I -Beams. 

1 

1 

Weifihl. 

Span  in  Feet,  Safe  Uniform  Ijoad  in  Too*,  and  OeJkction  in  Inches, 

1 

1 

1 

1 

Span 

10 

II 

11 

.5 

H 

15 

16 

17 

iS 

20 

22 

24 

26 

28 

30 

83.0 

Uad 

114 

104 

95 

88 

81 

76 

71 

67 

63 

57 

52 

47 

44 

40 

38 

Dff. 

.06 

,oS 

.op 

.io 

./2 

.14 

.16 

,/5 

«20 

^^i 

'i«' 

■Ji 

.42 

4S 

■55 

1 

1 

<S9S 

Span 

lO 

It 

11 

13 

H 
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16 

17 

t8 

20 

21 

24 

26 

28 

30 

Load 

86 

78 

71 

66 

61 

57 

55 

50 

47 

43 

39 

35 

33 

30 

28 

Drf. 

07 

.oS 

,/r> 

./J 

.14 

,/6 

.f^ 

.^0      .^^ 

.j^S 

■34 

.40 

47 

'5-^ 

.6^ 

575 

SpAJl 

9 

10 

It 

12 

15 

14 

tS 

16    1    17 

IS 

20 

22 

24 

26 

28 

Load 

69 

62 

56 

53 

48 

44 

41 

39  1  36 

34 

31 

28 

26 

24 

22 

Dff. 

.06 

.v: 

.10 

.j<^ 

•-fi 

.'i 

.iS 

.10 

*^5 

.-'J 

*i<? 

.j^ 

-fi 

X? 

.62 

46.0 

Span 

8 

9 

to 

It 

la 

13 

H 

15 

16 

17 

18 
24 

20 

22 

22 

14 

26 

Load 

54 

48 

43 

59 

36 

33 

31 

29 

27 

25 

20 

18 

16 

Drf. 

.06 

,08 

,09 

,// 

U 

.16 

./,? 

,21 

-V 

*^7 

'JO 

^37 

4S 

•5? 

.62 

1 
I 

10 

36.0 

Span 

7 

8 

9 

10 

n 
26 

12 
^4 

13 

21 

14 

n  1  «<5 

17 

18 

20     22 

12 

Load 

41 

36 

32 

29 

20 

19    18 

17 

16 

14      t3 

D.f, 

.06 

.07 

.09 

TI 

'^i 

./6 

.19 

.22 

•^j 

.^ 

'i^ 

•i^, 

-^/    -J^ 

,6^ 

*7*S 

Span 

6 

7 

8 

9 

10 

II 

12 

n 

H 

•^ 

16 

17 

18     20 

22 
.67 

Load 

29 

25 

22 

20 

18 

16 

"S 

13 

12 

12 

II 

10 

10 

8.S 
*55  \ 

Dff, 

OS 

Kor 

.op 

,// 

^^4 

V 

.30 

.J? 

'^7 

•i/ 

..?i 

.^0 

"^5 

1SX> 

Span 

6 

7 

8 

9 

10 

II 

12 

13 

14 

^5 

16 

17 

t8 

20 

22 

Uad 

20 

i7 

IS 

13 

n 

n 

10 

93 

8.7 

8,1 

7.6 

7« 

6.7 

6.1 

5^5  1 

Dff, 

.06 

.oS 

.// 

^n 

.^7 

.^0 

.1^ 

.^<!? 

v?^ 

.J7 

.42 

.^ 

.5^ 

M 

So 
20 

1 

1 

175 

Span 

5 

6 

7 

8 

9 

10 

II 

11 

>5 

14 

»5 

16 

17 

18 

Load 

IS 

13 

11 

97 

8.6 

7'« 
.2/ 

71 
■Si 

6.4 

,SO 

6.0 

S-5 
•40 

5*2 
^6 

4.8 
•55 

4,6 
.60 

4-3 
.67 

3.9 

Dfl 

'OS 

.07 

.10 

■J'J 

•^7 

p 

"he  figures  give  the  safe  uniform  load  in  tons,  based  on  extreme  fiber-stress  of  i6,cxx)  lb.; 
ciiJ  rcictions  from  safe  uniform  load  in  thousands  of  pounds. 

rmcentrated  at  center,  use  one  half  of  figures  given  for  allowable  load  and  four- 
iven  for  deflection. 
IgUK:^  for  deflection  are  in  inches.                                                                                                  j 
^P^tin^  to  right  of  heavy  zigzag  lines,  deflections  arc  considered  excesstve  for  plastered 

1 

k. 

I 


TABLE  14 
Propbrtibs  of  Carnbgib  Channbls 


^ 

1 

1 

J 

1 

•8 

1 

'S 

•-■ 

t-M*- 

Section 

Modu- 

lus 

IMS- 

from 
Center 

of 
Gravity 
to  Out- 
side of 

Maximum 
Bendinc 
Moment 
9x6.000 
Lb.oer 
Sq.In. 

DiitaBoe 
Back  to 
Back  Re- 
quired 
toMab 
Radiiflf 

n 

I  -  Moment 
of  Inertia 

r  -  Radius  of 
Gyration 

Azisi-x 

AziS2-4 

Azisi-x 

Axis  2-2 

Azisi-z 

Web 

Azisx-x 

Ii 

It 

ri 

r« 

Si 

X 

Ml 

Inches 

Pounds 

Inches' 

Inches 

Inches 

Inches* 

Inches* 

Inches 

Inches 

Incbei> 

Inchts 

Ft..Lb. 

iBdM 

IS 

SS 

16.18 

0.818 

3.818 

430.2 

12.19 

5.16 

.868 

57.4 

.823 

76  000 

8.53 

SO 

I471 

0.720 

3.720 

402.7 

11.22 

5.23 

.873 

537 

.803 

72  000 

8.71 

45 

11.76 

0.622 

3.622 

375.1 

10.29 

5.32 

.882 

50.0 

.788 

67  000 

8.92 

40 

0.524 

3524 

347.5 

9-39 

5.43 

.893 

46.3 

.783 

62  000 

9.IS 

35 

10.29 

0.426 

3.426 

320.0 

8.48 

5.58 

.908 

427 

.789 

57  000 

943 

33 

9.90 

0.400 

3.400 

312.6 

8.23 

S.62 

.912 

417 

•794 

56000 

9.50 

12 

40 

11.76 

0.758 

3.418 

197.0 

6.63 

4.09 

751 

32.8 

•7*2 

44  000 

6.60 

35 

'?J9 

0.636 

3.296 

179.3 

5.90 

4.17 

757 

29.9 

•694 

40  000 

6.81 

30 

8.82 

0.513 

3.173 

161.7 

5.21 

4.28 

.768 

26.9 

.677 

36  000 

7-^ 

25 

7.35 

0.390 

3.050 

144.0 

4.53 

4.43 

.785 

24.0 

.678 

32  000 

7.36 

20.5 

6.03 

0.280 

2.940 

128.I 

3.91 

4.61 

.805 

21.4 

•704 

28  000 

7.67 

10 

35 

10.29 

0.823 

3.183 

I15.5 

4.66 

3.35 

.672 

23.1 

•69s 

31  000 

5.17 

30 

8.82 

0.676 

3.036 

103.2 

3.90 

3.42 

.672 

20.6 

.651 

28  000 

5f> 

25 

7.35 

0.529 

2.889 

91.0 

3.40 

3.52 

.680 

18.2 

.620 

24  000 

5.67 

20 

5.88 

0.382 

2.742 

78.7 

2.8s 

3.66 

.696 

157 

.609 

21  000 

5-97 

15 

4.46 

0.240 

2.600 

66.9 

2.30 

3.87 

.718 

134 

.639 

18  000 

^33 

9 

25 

7.35 

0.615 

2.815 

707 

2.98 

3.10 

.637 

157 

.615 

21  000 

4.84 

20 

5.88 

0.452 

2.652 

60.8 

2.45 

3.21 

.646 

13.5 

.585 

18  000 

5.12 

15 

4.41 

0.288 

2.488 

50.9 

1-95 

3.40 

.665 

11.3 

.590 

15  000 

549 

1325 

3.89 

0.230 

2.430 

47.3 

1-77 

3.49 

.674 

10.5 

.607 

14  000 

S.63 

8 

21.25 

6.25 

0.582 

2.622 

47.8 

2.25 

2.77 

.600 

11.9 

.587 

16  000 

423 

18.75 

5-51 

0.490 

2.530 

43.8 

2.01 

2.82 

.603 

II.O 

.567 

15  000 

4.38 

16.25 

478 

0.399 

2.439 

39.9 

1.78 

2.89 

.610 

lO.O 

.556 

13  000 

454 

1375 

4.04 

0.307 

2-347 

36.0 

1.55 

2.98 

.619 

9.0 

.557 

12  000 

4-72 

11.25 

3.35 

0.220 

2.260 

32.3 

1.33 

3.II 

.630 

8.1 

.576 

II  000 

4.94 

7 

1975 

5.81 

0.633 

2.513 

33.2 

1.85 

2.39 

.565 

9§ 

.583 

12  600 

348 

17.25 

5.07 

0.528 

2.408 

30.2 

1.62 

2.44 

'^h 

8.6 

.555 

II  500 

3.64 

1475 

4.34 

0.423 

2.303 

27.2 

1.40 

2.50 

.568 

7.8 

.535 

10  300 

3.80 

12.25 

3  60 

0.318 

2.198 

24.2 

1. 19 

2.59 

.575 

6.9 

.528 

9  200 

3.99 

975 

2.85 

0.210 

2.090 

21. 1 

.98 

2.72 

.586 

6.0 

.546 

8  000 

4.22 

6 

15.5 

4.56 

0.563 

2.283 

19.5 

1.28 

2.07 

.529 

6.5 

.546 

8  700 

2.91 

13.0 

3.82 

0.440 

2.160 

17.3 

1.07 

213 

.529 

5.8 

.517 

7  700 

3-°2 

10.5 

3.09 

0.318 

2.038 

15.1 

.88 

2.21 

.534 

5.0 

.503 

6  700 

3.28 

8 

2.38 

0.200 

1.920 

13.0 

.70 

2.34 

•542 

4.3 

.517 

5  800 

3.52 

5 

ii.S 

3.38 

0.477 

2.037 

10.4 

.82 

i'7S 

.493 

4-2 

.508 

5  500 

2.34 

? 

2.6s 

0.330 

1.890 

8.9 

.64 

1.83 

•493 

3.5 

.481 

4  700 

2.56 

6.5 

1.95 

0.190 

1.750 

7.4 

.48 

1-95 

.498 

3.0 

.489 

3  900 

2.79 

4 

7.2s 

2.13 

0.325 

1.725 

4.6 

44 

1.46 

•455 

2.3 

.463 

3  000 

'•?! 

6.25 

1.84 

0.252 

1.652 

4.2 

.38 

1.51 

.454 

2.1 

.458 

2  800 

'•?J 

5.25 

1.55 

0.180 

X.580 

3.8 

.32 

1.56 

.453 

1.9 

.464 

2  500 

2.06 

3 

6 

1.76 

0.362 

1.602 

2.1 

.31 

1.08 

.421 

1-4 

•459 

I  800 

1.07 

1 

5 

1.47 

0.264 

1.504 

1.8 

.25 

1. 12 

.415 

1.2 

.443 

I  600 

I.I9 

4 

1.19 

0.170 

1.410 

1.6 

.20 

1. 17 

.409 

I.I 

.443 

I  400 

I.3I 

32 


TABLE   15 
Elements  of  Carnegie  Channels 


-riW> 


^^^ 

^ 

^ 

i 

- 

^^ 

s 

. 

i. 
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la. 
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I 


I 
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k 


lo. 


1« 

A 

1 


In. 


I2l 
Hi 


r 

! 


[O 

lO 
10 
10 
lO 


I 
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! 


i 


! 


H 

8-: 
8; 
R3 


6; 

6 

6 

6v 

6 


;! 


;! 


In. 


2,\ 

2ft 
ift 


2l 


I? 


■  ft 

ift 


■  i 

ift 

■  ft 

,1 


It 

ift 

ti 


Maximum 
Bending 
Moment 


sit  I 


Ft.-Lb. 


76  QOO 
72  ODD 
67  000 

6a  000 
57  000 
56  000 


44  000 
40  000 
36  ooo 
32  000 
28  000 


31  000 

28  OQO 
24  000 
21  000 
18  000 


2t  000 
18  000 

15  000 
14  000 


16  000 

IS  000 

13  000 

12  000 

n  000 


12  600 

tt  500 

10  300 

9  200 

8  010 


8  700 

7  700 
6  700 
5  800 


S  500 
4  700 
3  Qoo 


3  000 

2  800 
2^00 


I  Koo 
I  600 
I  400 


In. 


In. 


tt 


i 
A. 


ft 


In.  I 


t 

1 


1 

A 
A 


1 
A 


8 
I 


i 


A 

i 


I 


A 
A 

i 


1  a   21 


'3  •  <5  *- ; 


In.   In. 


12 


.5  -Q 


x^ 


X- 


00 


X 
X 


ai 


TABLE  16. 
Web  Resistances  for  Channels. 


CAJtJ^BCtE   CUANMEt^,    F«;OM   CaRNEGIE's   P0C1£&T   CoMPAMIOK. 

Depth 

Wdfibt 

AUowable 

Allowable 

Mln. 
Fnd 

End 

Depth 

Weight 

AUowabk 

AUowahlr 

Mhi. 

End 

, 

Chan- 

per 

Web 

Buckling 

Bear- 

tlon 

Chan- 

per 

Web 

Buckling 

Bear- 

nel. 

Foot. 

S^iear. 

Reiistan^. 

ing. 

a -31". 

del. 

Foot. 

Shear. 

Reaijtance. 

bix. 

A 

Inch**, 

Pbimdi^ 

P^unda. 

Pounds 
per  Sq.  Ia. 

Inches. 

Pounds. 

Inchei. 

Pounds. 

Pounds. 

Pound! 
per  Sq.  In. 

lacbcL 

P 

SS^o 

11^700 

15820 

5.7 

93»30 

a  J. 25 

46560 

16620 

2J 

1 

So.o 

loSooo 

XS390 

a.o 

803SO 

J  8,75 

39399 

16 1 70 

a« 

* 

IS 

45-0 

93300 

14820 

6.4 

66840 

8 

16.35 

11920 

I5S30 

3J 

; 

40^ 

78600 

14040 

ti.9 

S33S9 

13.75 

24560 

14490 

1.5 

4 

jSjQ 

63900 

I  JfJiOO 

7-9 

39S50 

Jt.3S 

17600 

12700 

4J 

1 

3JJa 

60Q00 

t^sto 

8.3 

36270 

19*?  5 

44319 
36969 

17090 

»-3 

1 

SO.O 

loiSip 

16159 

4^8 

86250 

17.25 

16700 

24 

i 

45  0 

SS140 

156S0 

SO 

71760 

7 

14*75 

2961a 

t6tl9 

2^ 

i 

U 

40JO 

64&10 

15020 

54 

57260 

12.25 

22269 

15190 

3jg 

i 

sr-o 

14470 

S  7 

48540 

9-75 

14700 

ts^ifi 

i4 

i 

JS.O 

S8760 

14020 

6.U 

42770 

J3^ 

4«7SO 

IJ009 

6.S 

32000 

35.5 

11780 

niso 

2J) 

4 

6 

130 

36499 

16640 

3.1 

i 

40,0 

90960 

I6a69 

n 

80090 

I9.S 

19080 

15730 

3^ 

i 

3S*0 

7&J20 

15730 

65040 

8.0 

12099 

13819 

iJ 

1 

13 

JO.O 

6  [  560 

t49SO 

S.0 

49850 

35^0 

46S00 

M670 

5.8 

14660 

11.5 

33859 

1     17189 

1.7 

3 

ao-s 

3i6oo 

11579 

7-4 

21060 

5 

9^ 
6.5 

16509 
9509 

16389 
14450 

14 
2.3 

1 

3S'0 

S^joo 

16909 

14 

83430 

JO.O 

676rKi 

16440 

1.6 

66670 

7-25 

t6*70 

'-* 

1 

lO 

2SO 

Sjyoo 

tS739 

3.9 

49910 

4 

6.25 

looSo 

16250 

ts 

1 

JO.O 

3H300 

14470 

44 

I3160 

5*^5 

7200 

tstso 

iJb 

1 

iS-o 

24000 

117^0 

6.9 

1697Q 

6j> 

10860 

17560 

iJt 

I 

as-o 

SS3SQ 

16470 

32 

58220 

3 

5.9 

7939 

17030 

1.0 

t 

0 

JO.O 

406^0 

ISSSO 

a. 5 

40439 

4-9 

jioo 

ISC149      I 

l.[     1 

ts.o 

J5930 

1 3590 

4.4 

22500 

U-aS 

20700 

12230 

5t 

[6170 

^fe  tnd  reaction  K  =  A  X  *<«  +  ^M).     Safe 

Interior  load  P  -  a/*  X  f(a'  +  ^^4). 

In  these  formula*  R  k  the  etid  reaction.  P  th 

e  concentrated  load,  t  the  web  lbickne8»,  d  the  depth  of  the  b» 

oi  half  the  diaCance  over  wlikh  tlie^  ccjncentrntcd  II 

;id  is  applt^.d  and  a  the  whole  distance  over  whith  the  end  ttac 

19  applied,  whik  h  '»  the  Siife  resistance  of  the  w 

eb  to  buckling  in  pounds  per  squarr  inch  by  the  lonnuU  if 

—  idcJ/ar     {dii  "  Mn  oolumn  formuiit). 

The  tables  Rive  for  beams  with  ui!auppdifted 

web3: 

I,  The  aJle^vable  abear  \\  on  tht;  gross  area  < 

ii  beam  or  channel  weba  at  to.ooo  pcirnds  per  square  inch. 

2.  Allowabk  buck  Una  resiatdm;e/r.  hi  pounds! 

per  acitiare  inch  computed  from  this  compmssion  fDrtnuta. 

3*  The  diatatiee  d,  or  the  diitance  over  whit: 

h  the  end  reaction  mu^t  be  dJatrihuted  when  the  ilieariQii  *ti 

y,  in  the  web  is  the  rnaximurti  allowable  of  lo.oot 

i  pounds  per  stiuan;  inch. 

4,  The  allowable  und  reaction  (R)  when  «  ia 

taken  at  li"  which  h  the  UAual  length  of  beam  actually  n» 

on  ttie  4"  anjiles  ordinarily  uaed  in  biuldiu£  tionat 

ruction  lor  beam  meatA. 

Camskla  Channels,  Unifoj 

IMLV   LOAXJEP,   FkOH   CAhUBRIA    IL^'SU    Booi£. 

1 

Hi 

l| 

1 

III 

U 

1  u 

:i« 

« 

1 

^11 

1 

lit. 
3 

Lb. 

Lb. 

Ft. 

In.        Lb.    J     Lb. 

Ft. 

In.    .     Lb. 

Lb. 

Ft.  j 

In. 

Lb.    1    Lh. 

4 

tfJOTO 

I.I 

6 

8           20280 

i.3 

8    '   18.7s 

I1159 

1. 5 

la 

20.5  !  *tm' 

S 

178JO 

o.» 

lo.s 

iOSRo 

1.4 

31-35 

101800 

t.3 

25        1    TW" 

6 

25360 

,6 

ij 

58300 

i.i 

JO       ■  114JJO 

15-5 

76540 

1.0 

9 

U.35    ,    28120 

4.9 

1     35          iS^io* 

4 

S.as    I4JO0 

14 

IS 

42250 

2.9 

49 

I9J920 

6.J5    ai66o 

I.I 

7 

9.7s 

22950 

3.8 

ao 

8098Q 

1.8 

7.JS     208  JO 

.g 

14-75    1 

43660 

1.7 
t.4 

35 

iifilio I 

14 

IS         ^S 
35 

9S07" 

5 

6.S  '  17390 

1.6 

17.25 

821 10 

I. a 

10 

IS 

30570 

4-7 

40 

130040 

9         JS9QO 

i.i 

I9-7S 

P98S0 

J.t 

20 

67420 

2.6 

45 

i7r|oo 

1 1 -3   1  54W<? 

*o 

3S               107670 

1.0 

59 

2n:5o 

8 

11^25 
1.^*75 

3SS60 
44B00 

3.4 
2.2 

JO         fi47Oi0|    r.6 
35           182940      14 

55 

2St:i& 

i6.as 

64  MO 

t-7 

j 

34 


TABLE  17 

Safe  Loads,  in  Tons,  and  Deflections,  Carnegie  Channels 

American  Bridge  Company  Standards 


» 

Weixht 
Pbunds 

Length  of  Spak  in  Fbet 

B 

9 

10 

i\ 

12 

ij 

14 

ts  ' 

j6 

IS 

30 

33 

34 

36 

..  1  ^0  1 

IS" 

so. 
45- 

;  13^ 

35 
31 

ig 

34 

27 

3E 

19 

27 

^3 
21 

23 

26 

a4 

2;^ 
21 

20 

22 
21 

19 

H 
22 
21 

19 
18 

17 

21 

18 
16 
16 

20 

19 

t8 
16 

IS 
IS 

19 

18 

^7 
IS 
14 
14 

17 
16 

«s 
14 

13 

12 

IS 

H 
13 
1* 
II 

II 

14 
13 
12 
n 
10 
10 

12 
II 
10 

9;? 

12 

It 
10 
9-S 

8.6 

II 
10 

9*S 

8,S 
8.1 
7-9 

10 

9-5 
8.9 

8.2  ' 

7.6 

74 

,    Bff. 

^7  ' 

.og 

-J/ 

^J^ 

..6 

.IQ 

.J2 

-^5 

.zS 

.36 

'44 

■n     -^4  1  -75 

\S7 

.QQ 

ll" 

40^ 

30. 

20 
18 
iS 
14 

19 

16 
14 
13 

]8 
]& 
H 

n 
11 

16 
14 

n 

12 

to 

15 
13 
12 
II 
9-5 

12 
It 

13 
10 

1:1 

12 
10 
9.6 

7.6 

II 
10 
9.0 
8.0 
7-1 

9-7 
8.9 
8,0 
71 
6.? 

8.8 
8.0 
7.2 
6.4 
5-7 

8.0 
7,2 
6.S 
S-B 

S^2 

7-3    *>-7 
6.6    6.1 

^.0  ;  S  S 
S-3  '  4-9 
4-7  1  4  4 

6.3 
57 

41 

5-8 
5-3 
4.8 

40 
3.8 

D^, 

,OQ 

.11 

./^ 

•^7 

.20 

^j 

.37 

'3^ 

■3S 

■^5 

'35 

.67 

79 

1  ^3    /./ 

/.2 
4.1 

37 

j.2 

2.8 
2.4 

1.5 ; 

2,8 

^4 
2.0 
1.9 

10" 

35^ 

15^ 

15 

8.9 

14 
12 
II 

79 

12 

n 
9-7 
8.4 
7-1 

IQ 
8.8 
7-6 
6.5 

JO 

8.r 
7.0 

9-S 
8.S 

n 

6.4 
4-1 

0 

73 
6-5 

4,8 

►?7 

11 
6.1 

4-5 

6.8 
6.1 
S4 
47 
40 

6.2 

S-S 
4.9 

S-6 
S.O 
44 

2,7 
2.6 

4.6 
4.0 

3-5 
5.0 

47 
4.2 

37 
^7 

44 

3  9 
3  5 
30 

_2,6 

30 
2.6 
2.2 
2,0 

Off. 

.// 

./? 

■/; 

,^0 

7.0 
6.0 
S-O 
4.7 

S4 

.66 

,CJi     /./ 

f 

IS- 

1J.2S 

10 

9.0 

7.0 

9-3 
8.0 
6.7 
6,2 

84 

7.i 

7^6 
6.6 

51 

6.0 

5.1 

4>.1 
4,0 

S-6 
4.8 
4.0 
3-7 

5-^ 

4-5 

47 
.13 

.60  1 

'J 

3-5 
3.0 

i-S 
2.1 

3-2 

2.3 
2.2 

De}. 

.12 

n 

,j^ 

,j/ 

*^7 

^J/  1  .j£i 

.4/ 

■47 

74  f  '^Q  1  ^^^  1  J-^ 

/.^  1  /.7  1 

The  figures  give  the  sife  uniform  load  in  tons,  based  on  extreme  fiber  stress  of  16.000  ib..  or 
tile  end  r^nrtions  irom  ssafe  uniform  load  in  thou  sand  a  of  pounds. 

For  load  concentrated  at  centerp  use  one-half  of  figures  given  for  safe  loada  and  four-fifths  of 
the  values  given  for  deflections. 

Figures  for  deflectiona  are  given  in  inches. 

For  figures  at  Hgbt  of  heavy  zigzag  Unes^  defiectiona  arc  considered  excessive  for  plastered 
crllinRs. 
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Safe  Loads 

TABLE  17.— CfTit/f  nue<f 
,  IN  Tons,  and  Deflections,  Carnegie  Chakbels 
American  Bridge  Company  Standards 

SlK 

Weight 
Founds 

LXHGTB   or  S]>AK   tM  FSMt                                                                     1 

I 

6 

7 

s 

9 

10 

i; 

It 

4-5 
4^  J 
37 
31 

^$5 

t4 
34 

ts 

4-i 
3-9 

1-2 

2.9 

16 

It 

M 

XI 

H 

8" 

18-75 
i6.js 

11  7S 
n.2S 

.3 

12 
II 
9.6 

R,6 

IT 
8.9 

S.0 

7^2 

9-1 

'rt 

6.2 

7-9 
7^3 
67 
6.0 

54 

S-9 

5:1 

6+ 

5.8 

S-J 
4.8 

+■3 

S-8 
SI 

44 

19 

S-l 
4.9 

44 
4.0 

.JO 

40 

J  7 
34 

1.0 

5.7 

.  » .  . 

.... 

Def. 

■»5 

'^7 

,JO 

-JJ 

^17 

.31 

•55 

^i?\ 

-5J 

7" 

"9-7S 
17^2S 

14.75 
11,25 
97S 

10 
9.2 

84 

77 
6.9 
6.1 
5.6 

72 

6,6 
5-9 
S'3 
4,8 

6-3 

4-6 
4-2 

S.6 
4.6 
^7 

4.1 

1-7 
?.1 

4.6 

H 
5.8 

34 

3^0 

3.8 

l-S 
31 
2.8 

3.9 
l-S 

2.6 

3-6 

2.6 
24 

34 

is 

2.2 

1.2 

■2.9 1 

1.6 
1.1 



.... 

D,f 

.0^ 

.t>0 

,12 

*^5 

'fQ 

.a^ 

.50 

-?^ 

.4fJ 

46 

■^?.? 

.dx 

6" 

n 

8. 

7.0 
6.2 

li 

SI 

4-5 
3-9 

5-0 
44 

33 

4^1 
3-9 
34 
29 

3.9 

S4 
3.0 
1.6 

1-S 
3-1 
37 
2.3 

2.8 
24 

2.9 

2.2 
1-9 
,^0 

27 
24 
2.1 
I.S 

47' 

1-5 
2.2 

1.9 
1-7 

■S4 

i-3 

2.1 

1.8 
1-5 
Ms 

2,2 
1.9 
17 
14 
.71  ! 

'  'i 

Off. 

.07 

.TO 

.14 

,/^ 

..2^ 

.Ze? 

.  ■?? 

s" 

4-4 
3-S 
3.2 

37 

3-2 
2.7 
23 

2,8 

24 
2.0 

2.5  ' 

2.2 

1-9 
1.6 

2.0 

17 
1.4 

1.9 
1.6 
1.1 

'7 

1.2 

1.6 
14 

1.0 

14 

1-2 

*99 

i]!!' 

D.f. 

.oS 

.12 

./ri 

.^/ 

-i?? 

■i? 

.^fl 

.4S 

.5^ 

.65 

■74  \ 
Ml 

.76 
T 

LJ.^L 

^-^ 

--" 

4" 

7.2s 
6.25 
5-2? 

^4 

2.0 

2.0 
17 

17 
1.6 
1.4 

14 

14 ;  I'i 
1.2  1  i.i 

I.I   j  l-o 

I.I 

l.O 

.92 

I.O 

*91 
-84 

■94 
-86  ! 
78  1 

-87 
72 

D,f. 

.TO 

■^J" 

.^<i 

.^^ 

•u '  4/ 

.50 

M 

.701 

,i^/ 

m 

l.l 

3" 

6. 
5- 
+■ 

15 
1.2 

1.2 
1.1 

■97 

I.I 

'94 
.81 

.92 
71 

.Sz    .74 
73     .66 

-64 !  .$n 

*4S  '  'SS 

.67 
.60 

48 
.So 

'57 
■50 

41 

47 
41 

49 

44 
-39 

46 

41 

.16 

— 

D,f. 

,,^ 

.^c^  1  .J7 

/./ 

i^ 

J4 

The  figures  give  the  safe  uniform  load  in  tona,  based  on  cjEtreine  fiber  streaa  of  l6pO<Ki  lb.,  or 
tJi€  end  reactions  from  safe  uniforiii  load  m  thou^nda  of  pounds. 

For  load  concentrated  at  center,  use  one-half  of  figures  liven  for  safe  loads  and  four-fifths  d 
the  valued  given  for  deflect ion&» 

Figures  for  deflections  are  given  in  Inches. 

Fur  figures  at  right  of  heavy  zigxag  Imes,  deflectionfl  are  conBidered  excessive  for  i>lastered 
ceilings. 

1 
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^^^                                                     TABLE                                                                       ^^H 

^V      Safb  LoADSf  IK  Tons,  ash  Deflections.  Carnegib  Channels  Laid  Flat.               ^H 

Amfrican  Bridge  Company  Standard**. 

1 

^H.  (wcislit 

LmcTH  or  Span  tir  Fkst.           1 

Weight 

LxHGTB  OF  Span  in  Fbbt, 

■  ^. 

1 

Sise. 

^. 

^g    Pounds. 

i 

4 

5 

6 

7 

3-1 

8 

9 

Pound!. 

a 

4 

5 

6 

7 

8 

9 

.65 

4 

S5^ 

72 

54 

4*3 

3.6 

2,7 

24 

21.25 

1.9 

«  5 

1,2 

.9S 

.84 

-74 

SO- 

6.8 

5'> 

4-< 

34 

2.9 

2.6 

2.3 

18,75 

1,8 

1.3  1 

I.l 

.91 

,78 

,68 

.61 

45* 

6.4 

4.S 

3-9 

3'^ 

2.8 

2.4 

2,1 

S" 

16.25 

17 

1.2 

1,0 

.84 

72 

.63 

,56 

40. 

59 

4^5 

3,6 

30 

2.5 

2.2 

2.0 

137s 

15 

I.I 

.92 

.77 

,66 

,58 

,51 

1 

3S* 

n 

4-3 

42 

34 
3  4 

2.8 
2.8 
.12 

24 

2.4 

\i6' 

2.1 
2.1 

.21 

1.9 
1,9 
.26 

n,25 

14 

1.0     .84 

70 

.60 

•?3 

47 

1 

Drf. 

.05 

,oS 

r? 

,iS 

.24 

■3^ 

40 

Z>r/. 

.0? 

,05 

.oS 

1975 
17.25 

1,7 
«  5 

>-3 
I.t 

1.0 

•93 

-85 

-77 

73 
.66 

.64 
,58 

'57 
.52 

40. 

44 

3-3 

2,6 

2.2 

1.9 

1.6 

1-5 

35* 

4.0 

30 

2-4 

2.0 

17 

I'S 

1,3 

—ft 

1475 

1.4 

1.0 

,84 

.70 

.60 

•53 

47 

■ 

JO- 

3-7 

2.8 

2.2 

1,8 

1.6 

14 

1,2 

7 

12.25 

1.2 

•95 

.76 

,63 

•54 

47 

42 

n 

m5 

5*4 
3  " 

4-5 

2^3 

2.0 
1,9 
.op 

»7 

15 

J4 

14 

1-3 
1.2 

.24 

1,0 
•30 

975 

1,1 

.85 

.67 

.56 

,48 

.42 

•37 
'44 

d 

Dff.  1 

.OS 

.op 

t4 

>20 

.26 

-J5 

Dff 

^0? 

1.3 
1,1 

.98 
.87 

.78 
.69 

.65 

*S8 

.56 
.50 

49 
43 

43 
.39 

55* 

33 

a^S 

2.0 

1.6 

14 

1.2 

I.I 

ja 

«'9 

3.2 

17 

1-4 

1.2 

LI 

LO 

6'' 

10.5 

ro 

.76 

.61 

•51 

43 

,38 

.34 

■ 

«.7 
»-4 
3.1 

2.0 

1.8 
15 

1,6 

1-4 
1.2 

1-3 
1,2 
1,0 

1,1 

I.O 

.89 

l.O 
,89 
.78 

.89 

79 
,69 

8, 

,HS 

.66 

-53 

•44 

.38 

.33  ' 

,29 

\ 

D./. 

.OS 

JO 

.^i 

,22 

,29 

,3s 

.4^ 

11.5 

9. 
6.5 

•95 
,81 

.67 

7J 
.60 
.50 

•57 
.48 
40 

47 
.40 

41 
.1? 

.36 
.30 
-25 

.32 
.27 

-22 

xv/. 

,04 

.07 

,// 

.fS 

,^f 

-'7 

■34 

5" 

^ 

as- 

ii 

t.8 

1,4 

t.2 

t.o 

.90 

,80 

-:^4  '  -29 

la 

3.1 

1.6 

13 

1,0 

.90 

79 

,70 

Dff. 

.06 

.// 

./7 

.24  1  .jj 

.42 

^H 

■ 

«5- 

T.H 

I.l 

I.I 

.91 

7^ 

.()H 

.61 

■ 

t-7 

'•3 

1.0 

.86 

74 
^2 

^9 

57 
37 

1 

if 

1^.  ^^4 

.oS 

•" 

•'7 

mmtn  give  the  safe  unifortn  load  in  tons,  based  on  extreme  fiber  stress  of  16.000  lb.,  or 

^^^HHiBttton^  from  saic  uniforcn  load  in  thousands  of  uounds. 

^HHH|Emcentralecl  at  center,  use  one-half  of  fiirures  £iven  for  safe  loads  and  four-Rftlis  ot 

V^wAia  given  for  deflections.     Figures  for  deflections  are  Riven  in  inches. 

For  figures  at  right  of  hravy  zigzag'  lines,  deflection^  arc  excessive  for  plastered  ceiling*. 

1 

B                                                             TABLE  18a. 

M 

^M               Coefficients  of  Deflection,  Ukiformly  Distributed  Loads.                           ^| 

■ 

For  Concentrated  Load  at  center  use  four-fifths  the  tatiular  coefficient. 

■ 

Fiber  StreM,  Pounds 

Fiber  Stress,  Founds 

Fiber  Stress,  Pounds  per 

■ 

^ 

per  Square  Inch. 

Span, 
Feet. 

per  Square  Indi. 

^^u 

Square  Inch, 

■ 

16000 

14000     ^    I3SOO 

16000 

14000      liSQO 

16000 

14000 

tasoo 

V 

M 

0.017 

0.014 

0.013 

16 

4*237 

3708 

3.310 

3« 

15.906 

I3.9>8 

12.427 

K      0.066 

0.058 

0.052 

17 

4783 

4.186 

3-737 

32 

16.949 

14.830 

13.241 

ff 

0,149 

0,130 

o-j  16 

18 

5-363 

4.692 

4-J90 

33 

18.025 

15772 

14.082 

0.265 

0.232 

0.207 

19 

5.97s 

5,228 

4.668 

34 

19134 

16.742 

14,948 

0414 

0.362 

0.323 

20 

6,621 

5793  1  5-172 

35 

20.276 

17741 

1  15-841  1 

0596 

0,511 

0.466 

2t 

7.299 

6.387 

5-703 

36 

21.451 

18.770 

16,759 

1 

0.811 

0,710 

0.634 

22 

8,011 

7'Oio 

6.259 

37 

22.659 

19.«27 

17,703 

1.059 

0.927 

0.828 

23 

8.756 

7.661 

6,841 

38 

23.901 

20,913 

18.672 

1 

<'34> 

I.I73  ,'  1.047 

H 

9.534 

8.342 

744» 

39 

25.175 

22.028 

19.668 

10 

1.655 

1.448  j  1,293 

as 

10.345 

9052 

8.082  1 

40 

26.483 

23.172 

1  20.690 

ii  1' 

3  003 

1.752 !  1.565 

26 

11.189 

9.790 

8.741 

41 

27.824 

24.346 

21.737 

K 

i.3«3 

2.086    1.862 

.      17 

12.066 

10.558!  9.4271 

42 

29.197 

25.548 

22.810 

■ 

1777 

2.448    2.185 

28 

12.977 

ti.354 

10.138 

43 

30.603 

26.779 

23.909 

■ 

3244 

2.839  1 2.534 

29 

13.920 

12.180 

10.87; 

44 

31954 

28,039 

25.034 

^ 

■ 

3724 

3.259  1  2,909 

30 

14.897 

13.034 

11.638 

45 

33517 

29.32H 

26.185 

^ 

^1 

d  fitiJ  the  deflection  In  inches  of  a  section  symmetrical  about  the  neutral  axis,  such  a%  be^rw*,  ^ 

l^iHft»t>,  zeef,  «ftc  ,  rJivide  the  coefficient  in  the  table  correspondmR  lo  s^vcn  ipitTv  ^Tvd  ^tWi  %\t«.v  \ . 

|KK                                  fon  in  inches.     For  unsvm metrical  seciloni,  %vic\\  ^^  aixv^t^  ^^^  Ocvx^m^v^^  ^^ 

H^'                                  "^"f  i>y  ^v^ice  the  distance  from  neutral  axis  to  mc3%\  txxttmt  ^ 

v>tT.         ^m 

■ 

m 

TABLE  19. 

Moments  of  Inertia  op  Two  Channels,  Both  Axes. 

Flanges  Turned  Out,  Distances  from  BIack  to  Back. 


cz 

y* 

Properties 

For  Distances 

of  Two  r'h9nn«>1« 

SE-- 

-^ 

liCeasiifvcl  frof& 

Flanges 

Turned  Out. 

"-JSX 

Back  to  Back. 

< 

-H — > 

Depth. 

5" 

6" 

r 

V 

»"        1 

Weight. 

6.50 

9.00 

8.00 

X0.50 

9.75 

Z2.25 

ix.as 

1375 

Z6.35 

X3.as 

X5.00 

SMO 

Aj^2[s 

3-90 

530 

476 

6.z8 

S.70 

7.20 

6.70 

8.08 

9-56 

7.78 

8.82 

xi.;« 

Ix-2[8 

14.8 

17.8 

36.0 

30.2 

42.2 

48.4 

64.6 

72.0 

79.8 

94.6 

X0X.8 

mi 

Flange  2[s 

3» 

3! 

4 

4i 

4i 

4i 

4» 

4i 

S 

5 

5 

5i 

h 

& 

foments 

of  Inertia 

ofaCh^i 

inneU  About  Axis  Y-Y  for 

Various 

Distances  Back  to 

Back.     In.«.         1 

3  " 

16.4 

22.1 

20.8 

26.5 

25.8 

32.0 

315 

37.3 

440 

38.1 

424 

c6jo 

3i 
3i 

18.4 

24.8 

23.2 

29.7 

28.8 

35.8 

35-1 

41.6 

49.0 

4^3 

47.2 

62.3 

20.5 

277 

^5? 

33.1 

32.0 

39.7 

38.9 

46.1 

54.4 

46.8 

52.2 

69.0 

3i 

22.8 

30.7 

28.6 

36.6 

354 

44.0 

42.9 

SO.9 

60.1 

51.5 

57.5 

76.1 

4 

25.1 

33-9 

31.6 

40.4 

38.9 

48.4 

47.1 

559 

66.0 

tt 

63.1 

83.5 

4i 

27.6 

37.3 

34.6 

44-4 

42.6 

531 

51.6 

61.2 

72.3 

68.9 

91.3 

30.2 

40.8 

37.8 

48.6 

46.5 

58.0 

56.2 

66.8 

78.9 

67.1 

75.0 

994 

4i 

33.0 

44-5 

41.2 

52.9 

50.6 

63.1 

61.0 

72.6 

85.7 

72.8 

814 

107.9 

5 

35-8 

48.4 

44-7 

57.5 

54.8 

68.4 

66.1 

78,6 

92.9 

78.7 

88.1 

116.8 

si 

38.8 

52.4 

48.4 

62.2 

59.2 

74.0 

71.3 

84.9 

100.3 

84.9 

95.x 

126.1 

si 

41.9 

56.6 

52.2 

67.2 

63.8 

79.8 

76.8 

91.5 

I08.I 

91.3 

102.3 

1357 

5 

45. 1 

61.0 

56.2 

72.3 

68.6 

85.8 

82.S 

98.2 

1 16. 1 

97.9 

109.8 

145.7 

6 

48.4 

65.5 

60.3 

77.6 

73.6 

92.0 

88.4 

105.3 

124.5 

104.8 

1 17.6 

156X) 

61 

5 1-9 

70.2 

64.6 

83.1 

78.7 

98.5 

94.5 

II  2.6 

133.2 

II  2.0 

125.6 

166.8 

6i 

55-5 

7S-1 

69.0 

88.8 

84.0 

105.2 

100.8 

120.2 

I42.I 

1 19.3 

133-9 

177-8 

6i 

59.2 

80.1 

73.5 

94.8 

89.S 

112.1 

107.3 

128.0 

15I.4 

127.0 

142.5 

189.3 

7 

63.0 

85.1 

78.2 

100.8 

95.2 

119.2 

1 14.0 

136.1 

160.9 

134.8 

1514 

201.1 

7l 

67.0 

90.5 

83.1 

107. 1 

lOI.O 

126.6 

120.9 

144.4 

170.8 

143.0 

160.6 

213.3 

7i 

71. 1 

96.0 

88.1 

113.6 

107. 1 

134.2 

128.1 

153.0 

180.9 

151.3 

170.0 

225.9 

7i 

75-3 

101.7 

93-3 

120.3 

113.3 

142.0 

135.4 

161.8 

191.3 

160.0 

179.7 

238.8 

8 

79.6 

107.5 

98.6 

127.2 

119.6 

1 50. 1 

143.0 

170.9 

202.0 

168.8 

189.7 

252.1 

8i 

84.0 

113.5 

104.0 

134.2 

126.2 

158.3 

150.8 

180.2 

213.0 

177.8 

200.0 

265.8 

8i 

88.6 

1 19.7 

109.6 

141.5 

132.9 

166.8 

158.7 

189.8 

224.4 

187.2 

210.5 

279.8 

8i 

93-3 

1 26. 1 

115.4 

148.9 

139.9 

175.5 

166.9 

200.0 

236.0 

196.7 

221.3 

294.2 

9 

98.1 

132.6 

121.3 

156.6 

146.9 

184.4 

1753 

209.7 

247.9 

206.5 

2324 

309.0 

9l 

103.0 

139.3 

127.3 

164.4 

154.2 

193.6 

183.9 

220.1 

260.2 

216.6 

2437 

324.1 

9i 

108.0 

1 46. 1 

I33-S 

172.5 

161. 7 

203.0 

192.8 

230.7 

272.7 

227.0 

255.3 

339.6 

9i 

113.2 

1531 

140.0 

180.7 

169.3 

212.6 

201.8 

241.5 

285.6 

235-7 

267.2 

355-5 

10 

118.5 

160.3 

146.4 

189.1 

177.1 

222.4 

211.0 

252.6 

298.7 

248.2 

2794 

371-7 

lO 

123.9 

167.7 

153.0 

197.7 

185. 1 

232.5 

220.5 

264.0 

3I2.I 

259.3 

291.9 

388.3 

loi 

129.5 

175.2 

159.8 

206.5 

193.3 

242.8 

230.1 

275.6 

325.8 

270.5 

304.6 

405.3 

lol 

135. 1 

182.8 

166.7 

215.5 

201.6 

253.3 

240.0 

287.4 

339.9 

282.1 

317.6 

422.6 

II 

140.9 

190.7 

173.8 

224.7 

210.1 

264.1 

250.1 

300.0 

354-2 

293.8 

330.9 

440.3 

Hi 

146.8 

198.7 

181. 1 

234.1 

218.8 

275.0 

260.3 

311.9 

368.8 

305.1 

344.5 

45?-4 

Hi 

152.8 

206.8 

188.4 

243.6 

227.7 

286.2 

270.8 

3245 

383.8 

317.9 

358.3 

476.9 

Hi 

159.0 

215.2 

196.0 

253.4 

236.7 

297.6 

281.5 

337-4 

399.0 

330.3 

3724 

495-7 

12 

165.3 

223.7 

203.7 

263.4 

246.0 

309.3 

292.4 

350.5 

414.5 

343.0 

386.8 

514.8 

^ 


TABLE  19.— Continued, 

MoMSNTs  OF  Inertia  of  Two  Channels,  Both  Axes. 

FiJkffGSS  TtmsED  Our,  Distances  from  Back  to  Back. 


Properties 

of  T^ro  ChwuieK 

Flaaccs  Tutncd  OoL. 


-  -xi 


For  DUtanctt 
Meuured  from 
Back  to  Back. 


lo" 

«" 

ts" 

IS-*** 

JO.OO 

»$vao 

^0.50 

*^JOO 

30.00 

35-<« 

33 'OO 

3500 

40.«o 

4SXX1 

50.00 

SS'OO 

n 

si 

6 

17.64 

S0.58 

358.6 

6i 

i^.Bo 
6i 

6404^0 
7 

695.0 
7 

J6.48 

75o.a 

7i 

^? 

Moment  of  In 

ertia  of  a 

Channels  Aboat  Axis  V -Y  for  Vatiqus  Dittances  Back  to  Back.     In.^ 

7 

*-;  -  ^-.-4 

ii4  7|H«'S 

112,7  15S.9 
tji.01697 
ij9,5|i8o.9 
I4g.5,i924 

/.I 

d!  269,2 

.«297.S 

|240.2'lI17 
-:-9 

-4 
1 3757 

4094 
426.S 

444^6 
4^2.7 
481.1 
500.1 

5194 

S$90 

S79.J 
60CXO 
611, 1 


J I 
Mi 


149.9 

131.6 

^575 

188,5 

221.8 

2313 

i6i.6 

HIS 

1694 

202,8 

138.5 

2479 

173-8 

1517 

181.8 

217,6 

255-9 

265.1 

1864! 

162,3 

194.6 

233^0 

2739 

283.0 

1994 

1733 

107,9 

248.9 

292.6 

301.5 

2Ij,0 

184.6 ! 

221.7 

2654 

311-9 

320,6 

127,0 

104 

^35-9 

282.5 

33«-9 

340.3 

1414 

208,5 

^505 

3000 

352.5 

360,6 

156.3 

221,0 

265.7 

318.2 

373.8 

381.5 

271,7 

^33-8 

181.1 

336.9 

3957 

403.1 

i^7-5  ' 

247.1 

197.3 

356.1 

418,2 

4253 

303 .« 

260.7 

313.8 

375-9 

4414 

448.1 

J  20.6 

2747 

330.8 

396.3 

4^>S.3 

471.5 

337.8 

2H9.1 

%\ 

417.2 

4897 

495.5 

355-5 

303.8 

438.6 

SI4.H 

520.2 

3  3^6 

J  18.9 

3844 

4(0.6 

540,6 

545.5 

592,1 

3344 

403.2 

483,2 

567,0 

5714 

411.2 

3503 

421.5 

506,3 

594.0 

597.9 

430.7 

J66.6 

442.1 

530.0 

621,7 

625.0 

450.7 

3B3.1 

4624 

554-2 

650.0 

652.8 

471.1 

400.2 

483.0 

578.9 

679,0 

681.2 

492,0 

417.6 

504,1 

604-2 

708,6 

710,1 

sn- 

MSA 

525.6 

630.1 

738.8 

739.7 

S3S.2 

453.5 

5477 

656.5 

709-8 

770.0 

5S74 

472,0 

570,1 

683,5 

801,4 

800.8 

5«o.i 

4909 

593. 1 

71L0 

«n-6 

832.3 

603.3 

510.2 

616,5 

739.1 

866.4 

864.4 

627.0 

539-9 

640.3 

7677 

899.9 

897.1 

651-0 

549,8 

664.6 

796,8 

934.0 

930.4 

6755 

570,1 

689,4 

826.6 

968.7 

964.3 

700.6 

59r.o 

7J4'6 

856.8 

1004,1 

998.9 

726.0 

612. 1 

74^.3 

887.7 

1040.2 

1034,1 

752.0 

633.7 

766,5 

919.0 

T  076.9 

1069.9 

77«4 

6:15,6 

793-1 

95 1 -o 

III4.2 

1106.3 

H05,2 

677,9 

820.2 

983.4 

1152,2 

1 143.3 

31*6 

700.6 

847.7 

1016.5 

1 190.8 

1181,0 

0*30.3 

723,6 

8757 

1050,1 

1 230. 1 

1219,1 

8H8,6 

7470 

904.1 

1084.2 

1 2700 

12;S,I 

917.3 

770.8 

933.1 

1118,9 

1510,5 

1297.6 

9464 

795-0 

9624 

1154.1 

13517 

*  3  37.8 

rnf^  n 

Vi.O«J 

992.3 

1 189.9 

13936 

I37«.5 

1022,5 

1226,2 

1456,0 

14 19  9  j 

;  .^ 

IOS3-3 

1263. 1 

14792 

1461.9 

^V5  i 

/a?4-/ 

IJ00.5 

1521.9 

1504.5  i 

-.,  -  ;  i/ii,^  ill  16,1    J5|.S,5  il>67.^ 

15477 

239.6  272.3 

256.8    291.0 

274.7  3124 

293-2    333-5 

3124 

332,1 

3527 

373.8 

3955 

417.9 

440.9 

464,6 

489.0 

5<3'9 

539.5 

565.8 


I 

I 
I 
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^^^^                                                                                                          ^^1 

MoMBHTS  OF  Inertia  of  Two  Chakkels,  Both  Axes.             ^^B 

Flanges  Turned  In,  Distances  from  Back  to  Back. 

1 

1 

1 

Propertie*                                      „ 

-.                               For  IMfttaDoc*          ^| 

of  Two  Channel*,                              i3f- 

"^                             Mmamtdinm^^M 

Flangea  Turoed  ia.                               _ 

BidtuBack^^H 

1 

1 

Depth. 

/' 

«" 

9" 

10* 

Weight. 

9n 

1 3.  IS 

If. as 

n*n 

.6.n 

i3.»5 

»5*oo 

^0^ 

liJOO 

49 

5.70 

7,«. 

6.70 

9Mi 

9.55 

7.78 

a.Sa 

11.76 

fl.9« 

t«.76 

3 

ii 

Wtba[t 

4*3 

'•r 

64  j6 

r 

ll' 

,4.6 

U1.6 
i 

r 

T 

Momenta  of  Inertia  of  1  CbAnncU  »bout  AzLi  Y<Y  for  Variou*  Dijt»oce»  Back  to  Back,     Io^MI 

7" 

51.7 

66.0 

59*9 

73 1 

86.A 
93.<^ 

68.6 

78.6 

104.8 

77.6 

IO4X) 

!■ 

7r 

56.0 

71.4 

64.9 

z^-^ 

744 

85,1 

113.6 

84.1 

1 12.7  ■ 

7 

60.5 

77.1 

70.2 

85.5 

lOI.I 

80.4 

92,0 

122.7 

90,9 

1217 

M 

7 

65.1 

83.0 

75.6 

92.1 

108.9 

86.6 

99* 

132.2 

98^3 

131.1 

m 

8 

70.0 

89.2 

81.2 

98.9 

117.0 

93.1 

106,5 

142* 

105-4 

140.9 

Jl 

n 

7S.O 

95-5 

87.0 

106.0 

125.3 

99.8 

114.1 

*52.3 

1150 

Kl.I 

m 

1! 

80.2 

102,1 

93  I 

113.3 

134.0 

106.8 

122,0 

162,9 

120.9 

i6l6 

m 

85.5 

108.9 

99.4 

120.9 

143.0 

114.0 

130.3 

173.8 

129.1 

172.5 

^ 

9 

91-1 

ti6.o 

105.8 

128.7 

152.3 

1214 

138.7 

185.2 

137.6 

183-7 

j| 

96.8 

123.2 

112.5 

136.8 

161.8 

129.1 

147.5 

196.8 

146.3 

1954 

^H 

9| 

1027 

130.7 

1194 

145.2 

171.7 

137.* 

156.5 

208.9 

155.3 

2074 

1^1 

108.8 

138.4 

126.5 

153.8 

181.9 

HS-3 

165.8 

221.3 

164.7 

1197 

H 

lO 

115,0 

146.4 

133.8 

162.6 

1924 

1537 

*754 

234* 

*74-2 

23J4 

H 

to 

lO 

121.S 

I54'S 

141.3 

1717 

203.1 

162.3 

185.3 

2473 

184.1 

245.5 

^M 

1 28.1 

162.9 

149.0 

iSt.l 

214.2 

1/1,2 

*954 

260.S 

1^.2 

259.0 

^M 

lO 

1349 

171.5 

157.0 

190.7 

225,6 

180.4 

205.8 

2747 

204.7 

272,S 

H 

II 

1419 

180.4 

165.1 

200.5 

2372 

189.8 

216.5 

289.0 

2*54 

287JO 

H 

ti 

149.0 

189-4 

173^5 

210.6 

249.2 

1994 

227.S 

303,6 

226,3 

3016 

'^M 

ti) 

156.3 

198.7 

182.0 

221.0 

261.5 

209.3 

238.7 

318.6 

237.6 

3»6.s 

^M 

tt|    1 

163.8 

208.2 

190.8 

231.6 

274.1 

219.4 

250.2 

334'0 

249.1 

131.8 

H 

la 

I7I.5 

218.0 

199.8 

242.5 

286.9 

229,8 

262,0 

3497 

261.0 

363^5 

^t 

\i\ 

179-4 

227.9 

209.0 

253.6 

300.1 

2404 

274* 

365.8 

273* 

^1 

12 

187.4 
195.6 

238.1 

218.4 

265.0 

3*3.6 

25*.3 

286.4 

382.3 

285.4 

379.9 

^M 

12} 

248.5 

228.0 

276.6 

327.3 

262.4 

299.1 

399.2 

298.1 

396^7 

H 

IS 

204.0 

259.2 

^37.8 

288.5 

34*3 

273.7 

312.0 

416.4 

3**0 

4*3.8 

ytf 

Ui 

212.6 

270.0 

247-8 

300.6 

3557 

285.3 

325.J 

4339 

324.2 

43>'J 

53* 

ni 

221.4 

281.1 

258.1 

313.0 

370,3 

297.1 

338.6 

45*9 

3377 

449.i 
4674 

?f 

i3i 

230.3 

292.4 

268.5 

325.6 

385.3 

309.2 

352.3 

470.2 

351.5 

^U 

H 

2394 

304.0 

179. 1 

338.5 

400.5 

321.5 

366,3 

488.9 

3655 

4860, 

60f 

14^ 

2487 

3*57 

289.9 

3517 

416.1 

334.0 

380,6 

507.9 

379.S 

505,0 

Hi 

141 

258,1 

327.7 

301.0 

365.1 

432.0 

346.8 

395* 

527.3 

390.5 

5244 

HP 

267.8 

3399 

312.3 

3787 

448.1 

359.9  , 

409.9 

547-0 

409.3 

544' 

«^ 

«5 

277.6 

352.4 

523.8 

392,6 

464.5 

373-2 

425.0 

567.2 

4245 

564* 

7WJ 

I5i 

287.6 

365.0 

335.S 

406.8 

481.3 

386.7 

440.4 

5877 

439.9 

626^ 

TJi 

iSi 

297.8 

377-9 

3474 

421.2 

498.3 

400.5 

456.0 

608.6 

455.7 

754- 

isf 

308.1 

391.0 

359^5 

435-8 

5*57 

4*4.5 

472.0 

629.9 

47*7 

7*1 

i6 

318.7 

404,4 

371.9 

450.7 

533.3 

428.8 

488.2 

651,5 

487.9 

648.1 

«ef. 

1 6} 

329.4 

4*7.9 

3844 

465.9 

55*3 

443.3 

504.7 

673.5 

S04.5 

670.0 

St 

i6 
i6 

340.3 

4317 

397.2 

481.3 

569.5 

458.0   ; 

5214 

695.8 

521.3 

691.3 

m 

35»*3 

4457 

410.1 

497.0 

S88.1 

473.0 

5384 

718.6 

538.4 

7»5'0 

^ 

17 

362.6 

460.0 

423.3 

512.9 

606.9 

488.2 

555-8 

741.6 

553'8 

7$84) 

s 

»7i 

374.0 

474.4 

436.6 

529.1 

626.0 

5037 

573-3 

765.1 

573-5 

7613 

/ 

'//    , 

3^,6 

489.1 

450.2 

545-5 

645.5 

5194 

591.2 

788.9 

59*4 

785.1 

«j 

llpl 

397-4      S040 

464.0 

562.1      66s  .1  \  S^'v^  ^ 

.  ^\ 

8it.i       6097  1 

8092 

loA 

40^,  j      ^u/z 

478.0  i    ti7Q.\      6%^,i  \  ^^\h  \  ^rin     ^\ih\  ^■^%  '  %v\l 

M 

■ 

1 

p 

TABLE  20.— Continued. 

^^^B 

Moments  oi 

f  Inertia  of  Two  Cha 

NNELS, 

Both  Axes.                              ^^^H 

Flakges  Turned  In,  Distances  from  Back  to  Back.                                      ^M 

of  T^o  Cbftoiwla, 

J^ 

r 

-X 

For  Dittancea 
Pleasured  from 

1 

FUae 

M  Turned  lo. 

_p 

K., 

Back  to  Bark. 

■ 

^          1 
] 

1=1 

i«" 

«s" 

•«»»S 

»5 

JO 

35 

40 

aa 

35 

4® 

45 

y> 

55 

M.06 

t4  70 

17.64 

i>o.!,3 

»3-5* 

ii^.So 

30.58 

a^.Sa 

^^i 

99.4a 

S.1 

.56. 

w&x, 

3^3*4 

35B.6 

394-0 

6J5.3 

640.0 

695.0 

730.  a 

803.4 

A 

i 

X 

1} 

»A 

U 

i 

"I'f      1 

'i 

^h 

i| 

1 

& 

lomcnu  of 

locnui  of 

3  Chiuvn^la  AWut  Axi»  Y~Y  for  Various  Distances  Rark  to  Back.     In.*. 

'      181.6 

223.8 

268,2 

309.9 

349.0 

288.^ 

300,4 

366.0 

385.5 

424.6 

461.9  1 

193.2 

238.1 

285.4 

329.8 

371.6 

307.1 

319.8 

4104 

452.2 

492,1 

205.1 

252,8 

305.0 

3504 

394-9 

326.3 

3399 

388.9 

436.3 

480,8 

523.4 

L|ai7>6 

268X) 

3213 

371.6 

418.9 

346.2 

360.6 

412.6 

462.9 

S10.3 

555.7 

■  3104 

a83.7 

340.1 

393.4 

4437 

366.7 

381.9 

437-0 

490.4 

5407 

589.0 

■  H3-5 

299.8 

359.4 

415.9 

469.2 

387.9 

403.9 

462.2 

5187 

572,0 

623.3 

1 

■  nM 

316,3 

379-3 

439.0 

495.5 

409.6 

426.5 

488.1 

547-8 

6042 

658.6 

■  170.9 

333-3 

3997 

462.7 

522.5 

432,0 

449.8 

514.7 

577.8 

6374 

694.9 

■  385*3 

350.9 

4207 

487.2 

550.2 

4550 

4737 

542. 1 

608.5 

671.5 

732.2 

P»«999 

368.8 

442.3 

512.2 

578.7 

478.6 

498.3 

570.2 

640.2 

706.5 

770.6 

114^9 

387.3 

464-4 

537.9 

607.9 

502.8 

523.S 

599.0 

672.6 

742.4 

809.9  1 

J30.3 

406.0 

487.0 

564.2 

637.9 

527.7 

549-3 

628.6 

705.9 

779  3 

850.3 

1, 

361*2 

425.4 

510.2 

591.2 

668.5 

553.1 

575.8 

658.9 

739.9 

817.0 

8917 

■ 

4451 

534.0 

618.8 

699.9 

579.2 

602.9 

690.0 

774.9 

855.7 

934.1 

■ 

17«.8 

4654 

558.3 

647.1 

732.0 

605,9 

630,7 

7217 

810,6 

895.3 

977.5 

■ 

195-7 

486.1 

583.1 

676.0 

764.9 

633.2 

659.1 

754-3 

847.2 

935.8 

1021,9 

■ 

413^ 

507.3 

608.5 

705.6 

798.5 

66I.I 

688.2 

787.5 

884.6 

977.3 

10  7.3 

■ 

410.6 

518.9 

634.5 

735.8 

832.8 

689,7 

717.9 

821.5 

922,8 

1019.6 

1113.8 

■ 

w.i 

5S1.0 

661.0 

766.6 

867.9 

718,9 

748.2 

856.2 

961,9 

1062.9 

II6I.2 

■ 

573.6 

688.0 

798.1 

903.7 

748.7 

779.2 

8917 

1001.8 

1107,1 

12097 

■ 

485.9 

596,6 

7157 

830.2 

9403 

779.1 

810.8 

927.9 

1042.5 

1152.3 

1259.1 ' 

1 

505-0 

6ao.i 

743.8 

863.0 

977.6 

8 10. 1 

843.1 

964.8 

1084.0 

1198.3 

1309.6 

1 

524.6 

X 

772.5 

8964 

1015.6 

8417 

876.0 

1002.4 

1 1 26.4 

1245.2 

1361.1 

544*1 

801.8 

930.4 

1054.3 

874.0 

909.6 

1040.8 

1169.6 

1293.1 

1413.6 

sM 

693,2 

81 1. 6 

965.1 

1093.8 

906,9 

943.8 

r  080.0 

1213.6 

13419 

1467.1 

M 

m 

718.S 
744  3 

861.0 
892.9 

1000.5 
1016,5 

1134.0 
1175.0 

9404 
974.5 

978.7 
1014,2 

1 1 19.8 
1 160.4 

12584 
1304.1 

13917 
1442.3 

15217 

1577-2 

1 

6aSx» 

770^5 

924.4 

1073.1 

1216.7 

1009,3 

1050.3 

1201.7 

1350.6 

14939 

1633.7 

I 

6*9.8 

797-2 

9564 

II  10.3 

1259.1 

1044.6 

1087.1 

1243.8 

1397.9 

1546^3 

1691.3 

V 

672JO 

8243 

989.0 

1148.2 

1302.3 

1080.6 

1124.5 

1286.6 

1446.1 

"5997 

1749.9 

^'S 

851.9 

1022. 1 

1186.8 

1346.2 

1117.2 

I162.6 

1330.2 

1495>I 

1654.0 

18094  1 

J 

717*5 

879.9 

1055.8 

1226.0 

1390.8 

U544 

1201.3 

1374.4 

1544.9 

1709.3 

1870.0 

■ 

^1 

908.S 

1090.0 

1265,8 

1436.2 

1192.2 

1240.6 

1419.4 

15955 

17654 

19317 

^ 

9374 

1124.8 

1306.3 

1481.3 

1230.7 

1280.6 

1465.2 

1647.0 

1822.5 

1994.3 
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1583.6 

16077 

1825.6 
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TABLE  21. 
Moments  of  Inertia  of  Two  Channels,  Both  Axes. 


Flanges  Turned  In, 

Distances  Inside  to  1 
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166.9 

205.3 

152.3 

178.5 

2554 

>73-S 
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TABLE  2\.— Continued,                          ^^^^^^^^^^^^H 
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p-7 
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435.9 

519-9 
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M 
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7337 
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fc? 
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4834 
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U 
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734-1 
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ho 

417.8 
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hB 
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551.6 
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730.2 

862.9 
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19 
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833.0 
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724.8 
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1337*5 

>o 
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U6 
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1379.6 
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TABLE  22. 
Properties  of  Two  Channels,  Spaced  Small  Distances. 
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0.87 

67 

0.97 

a.3 

1.07 

19-2      I 

H 

8.68 

544 

2.50 

50 

0.78 

6,6 

0.87 

8,1 

Q.97 

1 0.0 

1.07 

23*3    I 

u 

6.70 

64^6 

3-11 

4-9 

0.8s 

6.0 

0,94 

7-2 

1,03 

87 

1.14 

19.3    I 

8 

13 

8,08 

72.0 

2.98 

56 

0.B3 

6.8 

0.92 

8.3 

J. 01 

10. 1 

1.12 

227    I 

.6i 

9,56 

79.8 

2,89 

6.5 

0.83 

8.0 

0.91 

9.8 

1.01 

11,8 

1. 11 

267    1 

I3i 

7-78 

94,6 

3-49 

64 

0.90 

7-7 

0.99 

9-3 

J. 09 

II.O 

1.19 

33.6    f 

9 

IS 

8J2 

iot.8    3.40 

7.0 

0J9 

84 

0.97 

10. 1 

1.07 

12.1 

1.12 

26.2    1. 

20 

11.76 

12k6    3.21 

8.9 

0.87 

10.0 

0.96 

13,1 

I. OS 

15-7 

I.IS 

345  i  > 

15 

8.92 

133J  I3.87 

8.2 

0,96 

9.B 

1.05 

1 1.6 

1. 14 

13.7 

1.24 

28^      t. 

20 

11.76 

157-4 

3-66 

10.0 

0.92 

12.0 

l-qi 

14-3 

i.m 

17^0 

1.20 

36.2    ■    L 

lO 

25 

14,70 

182.0 

3-52 

124 

0.92 

14-9 

1. 00 

179 

I. to 

21.3 

1.20 

454     J 

30 

u-H 

206.4 

34a 

15.2 

0.93 

18.4 

1,02 

22.1 

1. 12 

26.3 

1.22 

SS9     '■ 

35 

20.58 

231.0 

3-3S 

J9-2 

0.96 

23.1 

1.06 

27.6 

1.16 

32.8 

1.26 

6S.S     L 

20I 

12.06 

256.2 

4.61 

13.4 

1.0s 

16.1 

lis 

18.8 

124 

21.9 

1-34 

42.8     I. 

H 

14.70 

2S8.0 

443 

15,8 

1.03 

18.5 

1. 12 

217 

1.21 

^5-3 

.1-31 

SD.|       1- 

12 

JO 

17-64 

VsU 

4.28 

IBs 

1,02 

21.7 

t.ti 

25! 

1,20 

29.9 

1.30 

60.0  1    I.' 

3S 

20.^8 

4.17 

21.7 

1.02 

25^5 

1.11 

30.1 

1. 21 

35-3 

1.3 1 

r^  'I 

40 

^3-5^ 

394.0  1  4-09 

HS 

1.04 

30.1 

I  13 

35^4 

1.22 

41  S 

1-32 

83.0 1  li 

13 

igJo 

623.2    5.62 

28.8 

1,20 

33-1 

1.29 

38.0 

I.3B 

43  5 

i4fl 

80,2  u 

35 

20. 5S 

640-0  IS.5& 

29.8 

1.20 

34-1 

1.28 

391 

1.3ft 

44-8 

147      82.8    us 

40 

23.52 

695.0 

S43 

33.1 

1.18 

38.1 

1.27 

43-8 

1.36 

50.3 

J. 46      93*5     I?' 

IS 

4S 

2648 

7S0.2 

5-31 

371 

1.18 

42.6 

1.26 

49*1 

1.36 

56.3 

1.4s ;  105.2  ^i 

.50 

29.43 

805.4 

5^23 

41.2 

I.18 

477 

1.27 

SS-O 

1.36 

63.2 

1.46 1 118.1  ^* 

^5S 

32.36 

860.4 

5.16 

46,1 

1.19 

53^2 

1.38 

614 

1*37 

70.5 

J.47  \i$^'9    '^ 

^ 


TABLE  23 
Properties  of  Equal  Leg  Angles 


..   iv/ 

Maximum 
BendinLR 
Moitirnt 

@  lO.OOtil 

Lb,  ptT 
Sq.  In, 

1 

1 

1 

1 

Distance 

from 

Center 

of  Gravity 

ta  Back 

1- 
r 

M^K^- 

1 

Leavt 
RadLuA  of 

X 

ol  Angle 

Ih 

*^ 

Moment 

Sef^tion 

lUdiwa  of 

Axisj'j 

AxJi  i-i 

^ 

of  Inertia 

Modulus 

Gyratmn 

X 

h 

Sj 

ri 

ri 

Mt        1 

ei 

ludin 

Piouniji 

Iachc# 

Tnrhe3 

Inches* 

tncba* 

lodiea 

Incbca 

Foot- 
Pounds 

g 

li 

62.7 

t^.44 

3.45 

106,56 

19-21 

2.40 

'55 

25  600 

lA 

S9M 

17-59 

243 

102,3  ( 

18,38 

241 

l^SS 

24  5^ 

li 

S<5'9 

1673 

2.41 

97-97 

I7'S3 

2.42 

I-5S 

23  400 

lA 

S4^o 

15.87 

2.39 

93^53 

16.67 

2.43 

1.56 

12  200 

I 

Si-0 

15.00 

2,37 

88.98    ' 

15. So 

2.44 

1.56 

21    100 

t 

48.1 

14.12 

2.34 

34-33 

14.92 

2,44 

1.56 

19  goc 

45 -o 

13-23 

2.32       , 

79.58 

14.02 

245 

1,57 

18  700 

i 

4^-0 

12,34 

2.30       1 

747a 

13,11 

2.46 

1-57 

17  5CJ0 

38.9 

11.44 

2.28       1 

^-74 

12.19 

2.47 

1.57 

16   200 

♦ 

H-8 

laSI 

2.2S 

64.64 

11.25 

2.48 

1,58 

15    000 

ja*7 

9.61    1 

2.23 

S9'43 

10.30 

249 

1.58 

13    700 

' 

k 

29.6 

S.6S 

2,21 

5409 

9.34 

2.50 

1.58 

12    500 

i 

164 

7'7S 

2,19 

48.63 

8^37 

2,50 

1.58 

11    200 

6 

I 

374 

It. 00 

1.86 

3546 

8.S7 

iM 

m6 

11    400 

i 

3S-3 

10.37 

1.B4 

33-72 

B.ii 

1.80 

1. 16 

10  800 

J3^i 

9-73 

1.82 

31.92 

7-6} 

1.81 

1.17 

10   200 

i 

|l.O 

9^ 

I. So 

30.06 

7,15 

1.82 

1,17 

9  SS^ 

28.7 

844 

1.78 

28.15 

6.66 

1.83 

1.17 

8  900 

+ 

26.S 

7.78 

1 75 

26. 19 

6.17 

1-83 

1. 17 

8  250 

14.2 

7VII 

1-73 

24,16 

5.66 

1.84 

1. 18 

7  SSo 

b 

21.9 

6.43    I 

171 

22.07 

S.14 

1-8S 

1.18 

6  850 

' 

19,6 

S^7S    I 

1.68 

19.91 

4.61 

1.86 

1.18 

6  150 

t 

17.2 

S^o^ 

1,66 

17.68 

4.07 

1J7 

1,19 

s  450 

14-9 

4.36 

1.64 

15.39 

3-53 

1.88 

1. 19 

4  700 

s 

r 

30,6 

9.00 

t.6i 

19.64 

SJo 

148 

,96 

7  73^ 

^ 

1 

28.9 

8.50 

l'S9 

1871 

S49 

148 

.96 

7  320 

1 
■ 

27,2 

7.98 

'■57 

17.75 

5-*7 

1.49 

,96 

6  890 

i 

2^6 

7-47 

1-55 

1676 

485 

1,50 

-97 

6  470 

, 

6-94 

1.52 

15-74 

453 

I -SI 

*97 

6  040 

■ 

i 

21.8 

640 
5.86 

1.50 

14,68 

4^20 

1.51 

.97 

5  600 

\ 

20.0 

14B 

13-SS    , 

3.86 

1.52 

■97 

5  150 

f 

iB,i 

Sir 

1.46 

12.44 

3^51 

1^53 

.98 

4  680 

16.2 

47S 

143 

ir2S 

3  15 

1.S4 

■98 

4  200    ' 

t 

14-3 

4.18 

141 

t0.02 

2,79 

155 

,98 

3  720 

u.j 

3.61 

1-39 

8,74 

2,42 

1.56 

,99 

3  230 

i 

H 

19.9 

sM 

1.29 

8.14 

^^2^ 

1.18 

.77 

4  010 

iR*S 

5U 

1.27 

7.67 

2.8 1 

t.19 

■77 

3  750 

■i 

J^i    . 

sm 

I.2S 

7.17 

2.61 

1.19 

-77 

3  480 

15.7 

4,61 

1^23 

6,66 

2.40 

t.20 

77 

T^     20c 

fk 

H-3 

4,1s 

1.21 

6,12 

2.19 

1. 2 1 

-78 

2    920 

1         T 

12J 

3^7S 

K18 

5^56 

1-97 

1.22 

.78 

2    630 

f 

1 1.5 

3^31 

i.i6 

4-97 

X75 

1.23 

.78 

2    330 

9J 

2.86 

i-H 

436 

1,52 

1.23 

■79 

2   030 

^ 

8.2 

2,40 

1.12 

372 

1.29 

1.24 

79 

I    720 

I 

6.6 

1.94 

1.09 

3^04 

1-05 

MS 

79 

I    4x30 

45 


TABLE  IS.—Continued 
Properties  of  Equal  Leg  Anch^bs 


1 

DisUiice 

i -^ 

d.1 

Lea#t 

Ha 

h.^] 

1  1/    ^ 

He 

frara        ' 

H"*^- 

1 

m 

Radius  of 

?^ 

1 

1 

I 

n 

CenU^r 

GytrntlQi} 

1 

1 

1 

ol  Grmvity 
to  Back 
DfAnste 

i^ 

Sq 

Moment  of 

Spctkm 

Radius  of 

Ajdsj-j 

All 

SE 

l.*mia 

Modului 

Gyratioii 

X 

Ii 

Si 

Tl 

ri 

] 

InchH 

locbet 

Poundi 

Iach««t 

Inchefl 

InfhAat 

tnclie^ 

Inclia 

lach^f 

F 
Pd 

3i>C3i 

H 

17.1 

S.03 

1,17 

S^H 

i-lS 

1. 01 

0.67 

3 

h 

16.0 

469 

MS 

4.96 

2,11 

1.03 

0.67 

3 

14.8 

4-34 

1.12 

4.6s 

1.96 

t-D4 

0.67 

1 

A 

13.6 

3.98 

1,10 

4*33 

I.S1 

1.04 

0,67 

1 

124 

3,62 

i.oa 

3-99 

1,65 

I. OS 

0,68 

I 

1 

II. t 

^^S 

1.06 

3.63 

149 

t.o6 

0.68 

I 

A 

9-8 

2.S7 

1.04 

$^26 

1,32 

1.07 

0.6S 

r 

} 

8,s 

2.48 

1.01 

2.87 

i.iS 

107 

d.69 

I 

A 

7.1 

1.09 

.99 

^45 

.98 

!.oa 

0.69 

I 

4 

S^B 

i.6g 

-97 

2,01 

79 

1-09 

0-69 

I 

4-4 

1,28 

.94 

i-SS 

.60 

t.io 

0,69 

A 

3-64 

1.07 

^93 

1.31 

•ST 

1. 10 

0.69 

JXJ 

A 

ii-s 

3.36 

.98 

1.62 

1*30 

.88 

'S7 

T 

104 

3.06 

^9S 

243 

1. 19 

.89 

-S8 

I 

1 

9-4 

3-75 

93 

2.22 

1.07 

.90 

-S8 

I 

if 

8.3 

^43 

.91 

2.00 

'9S 

.91 

*S8 

1 

1 

7.2 

2,11 

.89 

1.76 

.83 

.91 

.58. 

I 

A 

6.1 

1.78 

.87 

1.51 

.71 

.92 

49 

A 

4-9 

1*44 

.84 

1.24 

-S8 

-93 

•S9 

5^71 

1.09 

.82 

.96 

^44 

'94 

.60 

* 

2.50 

0.74 

.80 

.66 

'30 

*9S 

.60 

liXif 

i 

8,5 

2.50 

.«7 

1.67 

.89 

.82 

■S3 

1 

7-6 

2.22 

^8S 

I  S' 

79 

,82 

43 

1 

i 

6.6 

I-gi 

.82 

133 

.69 

.83 

-S3 

A 

5-6 

1,62 

Jo 

LIS 

'S9 

,84 

.54 

1 

4^5 

1. 31 

,78 

-95 

48 

M 

-S4 

A 

}-39 

I.OO 

.76 

73 

■37 

.86 

*S4 

i 

2.29 

0.68 

73 

51 

,2S 

-87 

-SS 

»iXai 

i 

77 

2.2s 

.81 

1*23 

73 

74 

47 

6.8 

2-00 

.78 

I. II 

■6S 

74 

.48 

4 

S-9 

173 

.76 

.98 

.57 

:        -75 

.48 

5.0 

1.47 

74 

M^ 

,48 

76 

.48 

4 

4^1 

1.19 

73 

.70 

'39 

77 

49 

3-07 

.9C3 

x^ 

-5S 

,30 

78 

49 

4 

2.0g 

.61 

.67 

-38 

,20 

79 

,50 

UXsi 

i 

6.S 

2.00 

-74 

.87 

.S8 

.66 

43 

6.1 

1,78 

72 

-79 

-S^ 

.67 

43 

A 

5^3 

ISS 

.70 

.70 

45 

.67 

43 

4*S 

141 

,68 

.61 

-39 

.68 

-44 

4 

3.6a 

ro7 

.66 

-fi 

-32 

.69 

'44 

27^ 

Ji 

.63 

'39 

-n 

.70 

■44 

* 

iM 

■ss 

.61 

■^7 

.16 

71 

45 

46 


TABLE  23.— Continued 
Properties  of  Equal  Leg  Angles 


n 

1 

1 

1 

Diatanc* 
from 
Center 
of  GrBVity 
to  B^iCk 
of  AngJc 

r '' 

Lee^t 
Radii |»  of 
GyratiOa 

Masim  um 
BcndiTiij 
Moment 

^  10,000 
Lb.  per 
Sq.  In. 

,.*li 

T^-, 

! 

*-* 
3' 

1 
i 

ii 

i 

i 

M  anient        Section 
of  Inertia      Modulus 

Radius  of 
Gyratian 

Axil  3-2 

Alii  j'l 

X 

h                  Si 

ti 

ri 

M, 

«. 

Inchn 

Pound* 

Joche*! 

Incbci 

Incbe^^          Incbcii 

Inchet 

Inches 

Foot- 
Pound* 

'a 

A 

S3 

KSf 

.66 

'54 

40 

-S9 

-39 

S30 

1 

47 

1.36 

.64 

.48 

■JS 

■S9 

-39 

470 

A 

3-91 

l.!S 

.6t 

■41 

,30 

.60 

-39 

400 

I 

3  >9 

.54 

-S9 

'3S 

'2S 

.61 

■39 

330 

A 

2.44 

71 

-S7 

M 

.19 

.62 

40 

250 

i 

t.6s 

.48 

*SS 

-19 

.13 

.63 

,40 

170 

:i! 

X 

4.6 

1-34 

S9 

-3S 

.30 

-SI 

■33 

4C0 

1 

399 

I.t8 

■57 

-31 

.26 

-51 

-34 

3  SO 

A 

3-39 

1.00 

•BS 

.27 

23 

.52 

'34 

310 

f 

377 

1      M 

•S^ 

,23 

.19 

■S3 

.34 

250 

A 

i.ti 

.63 

-SI 

.18 

■H 

■54 

-3S 

190 

i 

1.44 

■43 

.48 

■13 

.IQ 

'SS 

'3S 

130 

CiJ 

k 

3-35 

'99 

-SI 

19 

.19 

■44 

■29 

250 

2.86 

.84 

49 

.16 

.16 

-44 

.29 

220 

^ 

J'34 

.e^ 

.47 

,14 

■134 

45 

-29 

180 

i.So 

-S3 

■44 

.11 

.10 

.46 

.29 

140 

* 

1.23 

.36 

.41 

■078 

.072 

46 

-30 

90 

Oi 

A 

3-33 

.68 

.43 

.091 

,109 

.36 

'23 

ISO 

1 

1.91 

.S6 

,40 

.0/7 

.091 

.37 

.24 

120 

A 

1.4S 

■43 

48 

,061 

.071 

.38 

.34 

90 

* 

I.Ot 

>30 

-3S 

.CM4 

.049 

.38 

.25 

70 

ca 

* 

1-33 

■39 

^3S 

.044 

-OS7 

-34 

.22 

7s    ; 

i 

.91 

.27 

-33 

.032 

.040 

■34 

,32 

so 

(I 

i 

1.49 

■44 

.34 

037 

.056 

,29 

.19 

7S 

1. 16 

•34 

.32 

.010 

.044 

.30 

-19 

60      . 

1 

J 

*n 

.30 

.011 

01 1 

*1i 

.20 

40 

.109 

71 

.11 

-29 

.020 

,028 

.31 

.20 

40 

tl 

A 

KOO 

.30 

.29 

.019 

m3 

.26 

.18 

40 

Jl 

70 

.21 

,26 

.014 

,023 

.26 

.19 

30 

'S3 

.i5 

.25 

'Oil 

.018 

.27 

.20 

20 

:l 

ft 

.§4 

.IS 

,26 

.012 

.024 

.22 

■15 

3^ 

Jl 

■S9 

.18 

.23 

,0088 

,017 

■23 

'I5 

23 

4S 

H 

.22 

,0069 

^013 

■23 

,IS 

17 

:t 

A 

48 

IS 

*20 

,0048 

.on  3 

.18 

.12 

IS 

-37 

.n 

19 

.0038 

.0088 

-19 

.12 

II 

1 

i 

.38 

.It 

-17 

.0023 

.007 

.IS 

.10 

9 

A 

.29 

.085 

.16 

.oot9 

.ooss 

■H 

.10 

7 

47 


TABLE  24 
Properties  of  Unequal  Leg  An(h.bs 


^' 

1 

1 

hi 

■a 
5 

|3S 

► 

Moment  of 

Section 

Radiufl  of 

H 

1 

5^ 

Inert  ta 

Moaului 

G^mtiiiin 

"8 
1 

If 

Axtt 

Axis 

AiiA 

Aiifl 

AxU 

Aiid 

Axis 

; 

I'l 

a-a 

i-i 

2-2 

I- 1 

a-3 

i-J 

^ 

X| 

3ti 

It 

It 

^i 

Si 

ri 

tx 

n 

M: 

In, 

In. 

Lb. 

iii.i 

In. 

In. 

la.'  1 

In.* 

In.= 

Id.< 

In. 

In, 

In, 

Ft,-Lb. 

I 

8X6 

t 

44.1 

13.00 

i.6s 

2.65 

3878 

8078 

8.92 

15,11 

173 

249 

1.28  ' 

543 

20  150 

~i 

tf 

41.7 

12.25 

1,63 

2.63 

36.85 

76.59 

8-43 

14,27 

1*73 

2,50 

1. 28 

'545 

19  OjO 

L 

1 

391 

[[.48 

i.6[ 

2.61 

34.S6 

72*3  I 

7*94 

1141 

1-74 

2.5  r 

I.2S 

.546 

17  900 

I 

H 

36.S 

10.72 

J-S9 

2.59 

32.82 

67,92 

7-44 

^^^SS 

I -75 

2.52 

1.29 

-549 

16  730 

i 

35^8 

9*94 

1.56 

2.56 

3072 

63.42 

6.93 

11,67 

1,76 

i-S3 

1.29 

^$S} 

IS  s6o 

it 

31.1 

9.  IS 

I.S4 

2.54 

ia.56 

58.82 

641 

10.77 

1-77 

2.S4 

1.29 

■556 

14  400 

J 

28.S 

S.36 

1.52 

2.52 

26.33 

54.10 

5'B8 

9.87 

1-77 

a- 54 

1  30 

-SS4 

13    160 

aS7 

7*S6 

1.50 

2.50 

24.04 

49.26 

S-34 

8.95 

1.7a 

2.55 

1.30 

*S56 

n  930 

A 

33.0 

6,7S 

1.47 

247 

2I.6S 

4431 

479 

8.02 

1.79 

2,56 

1*30 

-558 

10  700 

aoa 

S^93 

I4S 

24s 

19,25 

39-23 

4.^3 

707 

1.80 

2.S7 

1.30 

-S6o 

9  410 

SXli 

I 

31^7 

10,50 

^92 

3,17 

7.8 

66.Z 

3.0 

137 

.86 

151 

-73 

18  400 

+t^ 

357 

9-90 

,89  1 

IH 

74 

62,9 

2.9 

12,9 

.87 

2.52 

73 

17   2C0 

f 

3L7 

9.3C> 

.87 

3.12 

71 

594 

27 

ii.i 

Mj 

2*53 

-73 

16   200 

H 

29.6 

8.68 

.8S 

3.10 

6.7 

559 

2-5 

114 

M 

2.S4 

*73 

IS    200 

1 

27-5 

8.06 

M 

3.07 

6.3 

5^-3 

^-3 

10.6 

.88 

2^55 

73 

14    IDD 

H 

25.3 

743 

.So 

3 -OS 

S9 

48^5 

2.2 

9.8 

.89 

2,56 

-73 

13  ocn 

1 

t^.% 

6.80 

.78 

3-03 

S4 

447 

2.0 

90 

,90 

2-57 

*74 

12  000 

iV 

iro 

6.IS 

■75 

300 

5.0 

40.8 

1.8 

8.2 

.90 

2.57 

74 

1  to  90D 

i 

187 

5.50 

73 

2.98 

45 

367 

1.6 

7-1 

.91 

2.58 

74 

9  700 

16.S 

4.84 

.70 

2.95 

41 

32,5 

IS 

64 

.92 

i-S9 

74 

8  600 

7X3i 

I 

32.3 

9.50 

.96 

270 

7-53 

4517 

2,96 

10.58 

.89 

2.19 

74 

\ 

,241       14    ICO 

^^ 

30.S 

8.97 

-94 

^I^ 

7.18 

43-13 

2.80 

10.00 

.89 

2.19 

-74 

.244 

13  350 

,i 

287 

8.42 

-91 

2.66 

6J1 

40.82 

2.64 

942 

,90 

2.20 

-74 

.247 

t^  550  1    . 

ii 

26.B 

7-87 

.g9 

2,64 

6.46 

3S44 

2.48 

8.82 

.91 

2.2 1 

74 

-250 

11  7%o 

} 

,24^9 

7'3i 

.87 

2,62 

6.08 

35-99 

2.31 

8.22 

.91 

2.22 

74 

^^S3^ 

10  950 

H 

23,0 

6.75 

.85 

2.60 

5.69 

33  47 

2.14 

7.60 

*92 

2.23 

74 

.257 

10  I  i;o  1   •■ 

1 

21.0 

6.17 

.82 

2.S7 

5-28 

30J7 

1.97 

6,97 

-93 

2.24 

-75 

^^S9 

9  300'   ' 

A 

19-1 

5^59 

.80 

^■SS 

4.85 

28.19 

l.Ro 

6.33 

*93 

2.25 

7S 

.262 

8  450  1  ; 

A 

17.0 

5.00 

78 

^'53 

44  i 

2542 

1.62 

5.68 

■94 

2,25 

75 

.164 

7  570     ; 

15.0 

4.4^ 

75 

2.50 

3-95 

22.56 

1.44 

5.01 

■95 

2.26 

.76 

.267 

66S0     1 

i 

13.0 

3J0 

73 

2.48 

34B 

19.60 

1.26 

4*33 

.96 

2.27 

76, 

,270 

5  77^M 

6X4 

I 

30,6 

9-00 

1. 17 

2.17 

to.75 

30.7s 

3  79 

8.02 

1.09 

1.8S 

-85 

414 

10    7OG   ;     I 

^ 

23.9 

8.50 

1.14 

2.14 

10.26 

29.26 

1S9 

7  59  *io 

1.86 

.85 

418 

10    130        \ 

1 

17.2 

7,98 

1. 12 

2.12 

975 

^773 

3.39 

715  1.11 

1. 86 

.86 

,421 

9  SS^I 

4 

H 

^54 

747 

1. 10 

2. ID 

9.23 

26.15 

3-18 

670J  i.ii 

1^87 

.86    425 

8  950  .  1 

23.6 

6.94 

1.08 

2.08 

8.68 

24.51 

2.97 

6.25]  1.12  1 

1.88 

.86 

.428 

8  }SQ     3 

H 

21.8 

640 

1.06 

2.06 

8,n 

ttMi 

276 

578;  i.i3| 

1.89 

.86 

431 

7  7^ 

1 

i 

20.0 

^3h 

1.03 

2.03 

7.52 

21.07 

2.54 

531  1.13 

1.90 

.86 

434 

7  080 

3 

iB.i 

S-31 

1. 01 

2.01 

6.91 

19,26 

2|I 

4*83  1. 1 4 

1.90, 

.87 

438 

6  450  ,   3 

A 

16.2 

47S 

■99 

199 

6.27 

17-39 

2.08 

4-33i  1-15 

1,91 

*87 

440 

5  770  .   " 

14-3 

4-18 

.96 

1.96 

5.6c 

1546,,  1.85 

3,83  1.16 

1.92 

.87 

■443 

5    IC30       3 

1 

12.3 

3-61 

.94 

194 

4.90 

13.47,  i-6q 

3-33  1.17 

1-93 

.88 

.446 

4430       I 

4S 


^^M                                      TABLE  lA.^Continued 

^ 

Properties  of  Unequal  Leg  Angles 

1 

•*■    1 

I 

-^1 

• 

ill 

Jet 

H 

iJ 

! 

1  t?|;?|f 

Moment  of 
Inertia 

Sectioti 
Modului 

Radius  of 
Gyration 

H* 

Q^ 

r^ 

Axi5 

Axia 

Axis 

Axis 

Axia 

Axis 

AxU 

1 

:siR 

1 

In. 

I- 1 

2-3 

i^j 

2-a  . 

i-i 

a-a 

^-s  ' 

" 

Xt 

m 

Ii 

It 

Si 

St 

ri 

ri 

fi 

Ml 

Ml 

Lb. 

ln.s 

la. 

h^ 

In,* 

29*24 

In.a 

ln.« 

In. 

In. 

lo. 

Ft,-Lb. 

Ft.-Lb. 

1 

1 

28.9 

8.50 

I.OI 

2.26 

7.21 

2.90 

7.83 

.92 

1.8s 

74 

.317 

10  450 

3  «70 

■ 

H 

27-5 

8.03 

■99 

2.24 

6J827.84 

2.74 

r^i 

'93 

1.86 

•74 

.320 

9  880 

3  650 

■i 

T 

2S7 

^■51 

•97 

2.22 

6.5526.39 

2.59 

6.98 

-93 

1.87 

75 

^3^3 

9  300 

3  450 

■' 

H 

24.0 

7.06 

-95 

2.20 

6.2024.89 

243 

6.5s 

.94 

t.88 

75 

•327 

8  750 

3  240 

■ 

f 

20.6 

6.56 

'93 

2.18 

5.8423.34 

2.27 

6.10 

•94 

1.89 

75 

.331 

8  150 

3  030 

P 

ft 

6.06 

.90 

2.15 

5.4712174 

2.11 

5.65! 

.95 

1.89 

•75 

•334 

7  550 

2  810 

T 

18.9 

5-55 

.88 

2.13 

5.08 

20.08 

1.94 

5.19 

,96 

1,90 

75 

.338 

6  920 

2  590 

1 

A 

I7^t 

S.03 

.86 

2,11 

4,67 

»8.37 

J  77 

472 

.96 

1.91 

75 

.341 

6  300 

2  360  1 

i 

153 

4^50 

.83 

2.08 

425 

16.60 

1.59 

4.24 

•97 

1,92 

76 

.344 

5  650 

2  i2o 

A 

135 

3*97 

.R[ 

2.06 

3*81 

1477 

141 

375 

•98! 

1,93 

.76 

047  1 

5  000 

1  880 

I 

M.7 

3-45 

78 

2.04 

3J4 

12,86 

1.23 

3-25 

•99 

t-94 

•77 

.350 

4  330 

I  640 

A 

9.8 

2.87 

7S 

2.02 

2.85 

to.88 

1.04 

2.74 

1.00 

I.9S 

77 

•353 

3  650 

t  380 

X4 

A 

14.2 

711 

I.3I 

1,71 

9.23 

16.45 

331 

4-99 

1.14 

1.53 

,84 

6  650 

4  410 

u 

H 

11.7 

6,65 

M8 

1.68  (  R.74 

»5  54 

3.11 

4.69 

1.15 

1-53 

.84 

6  250 

4  150 

■ 

i 

11. t 

6,19 

m6 

iM 

8.23 

14,(k> 

2,90 

4-37 

1,15 

1.54 

.84 

5  830 

3  870 

■ 

195 

5-72 

t.14 

1.64 

7.70 

J  3  62 

2.69 

4.05 

1. 16 

1.54 

.84 

.617 

5  400 

3  590 

■ 

i 

17.8 

523 

K12 

1.62 

7.14 

t2.6l 

2.48 

373 

1.17 

1-55 

.84 

.620 

4  970 

3  310 

■ 

16,2 

4.7s 

I.IO 

l6o 

6.56 

n.56 

2,26 

3-39 

M8 

1.56 

,85 

.623 

4  520 

3  010 

J 

U'S 

4.2s 

1.07 

1^57 

S.96 

1046 

2.04 

305 

i.i8 

J'57 

.85 

.626 

4  070 

2  720 

1 

A 

12.8 

3*75 

1,05 

^SS 

5-33 

932 

1,81 

2,70 

1,19 

1.58 

,85 

.629 

3  600 

2  420 

I 

1 1-0 

3.43 

1.03 

1-53 

4.66 

8.14 

1-57 

2.34 

1.20 

1.59 

.86 

.631 

3   120 

2  090 

M 

1 

*i7 

6,67 

1.04 

1.79 

6.21 

15.67 

2.52 

4-88 

.96 

1.53 

75 

455 

6  510 

3  360 

K 

d 

ai.3 

6.25 

L02 

177 

5.89 

14.81 

207 

4^58 

•97 

154 

75 

460 

6  110 

3   160 

■ 

Jk. 

19.8 

5.81 

1.00 

175 

S-SS 

13.92 

2,22 

4.28 

,98 

1-55 

.75 

464 

5  710 

2  960 

■ 

^B 

18.3 

5-37 

•97 

"72 

5.20 

12.9c> 

2.06 

3.97 

.98 

1.56 

75 

.468 

5  290 

2  750 

w 

r* 

16.8 

4.91 

•95 

170 

4.83 

I2.01 

1,90 

3.65 

99 

1,56 

75 

472 

4  870 

2  530 

V 

152 

4.47 

.93 

1.68 

445 

11.03 

1.73 

3*32 

1. 00 

1-57 

75 

476 

4  430 

2  310 

1 

U.6 

4.00 

.91 

1.66 

4.05 

9.99 

1.56 

2.99 

l.OI 

1,58 

•75 

479 

3  990 

2  080 

A 

12.0 

3.53 

.88 

1.63 

3.63 

8.91 

1^9 

2,64 

1,01 

1-59 

76 

482 

3  520 

1  850 

A 

104 

3.05 

.86 

1.61 

3.18 

778 

1.2 1 

2.29 

1.02 

1.60 

.76 

.485 

3  060 

1  610 

8.7 

2.56 

J4 

159 

2.72 

6.60 

1.02 

1.94 

t.03 

1.61 

.76 

489 

2  S90 

I  360 

Kj 

^ 

19.9 

5.84 

,86 

1.86 

37" 

13.98 

174 

445 

.80 

1-55 

.64 

•336 

5  930 

2  320 

. 

i 

18.5 

S44 

.84 

1.84 

3.51 

13,15 

1.63 

4.16 

,80 

1^55 

.64 

.340 

s  550 

2  170 

■ 

B 

t7.l 

5.03 

,82 

1.82 

3.29 

12,28 

1,51 

3.86 

.81 

1.56 

.64 

•345 

S  150 

2  010 

■ 

1 

157 

4.61 

.80 

1.80 

3.06 

11,37 

i.39 

3-55 

.82 

157 

.64 

.349 

4  740 

I  B50 

r 

A 

143 

4-18 

-77 

177 

2.83 

1041 

I  27 

323 

.82 

1.58 

.65 

•353 

4  3J0 

I  690 

M 

1 

12J 

5.75 

75 

175 

2,5s 

945 

1,15 

2.91 

.83 

1.59 

.65 

.357 

3  880 

I  530 

■ 

ft 

"3 

331 

73 

173 

2-32 

843 

1,02 

2.58 

•84 

l6o 

.65 

.361 

3  440 

1  360 

M 

1 

98 

2-86 

.70 

1.70 

2.04 

7.37 

.89 

2,24 

.84 

1.61 

.65 

.3^M 

2  990 

I  190 

■ 

1'  ^ 

8.2 

2.40 

.68 

l68 

.75 

6,26 

75 

1,89 

.85 

1,61 

.66 

.368 

2  i;20 

1  000 

■ 

^^^^_                                                                                      ^^1 

TABLE  2^.— Continued 
Properties  of  Unequal  Leg  Anch^es 


'S 

=y 

1 

< 

1^ 

3' 

4 

111 

1 

Moment  of        Section 

Raditis  of 

1 

M 
h 

1 

Iiaeniil          Modulus 

Gyration 

1 

'a 

Ails 

Axl* 

Axis 

Axis 

Axm 

kXA^ 

Axii» 

■9 
1 

i-i 

a-j 

i-i 

j-j 

t-t 

2-y 

3-J 

* 

XI 

^1 

Ii 

U     '     Si 

Si 

n 

Tt 

ri 

Ml 

In. 

In. 

Lb. 

In.' 

In. 

tn. 

In.* 

In.*  J   In,» 

In*,* 

In. 

In. 

lii,| 

Ft  .-Lb. 

Ft 

+iX] 

H 

I3.s 

5  43 

.90 

1.65 

3^60 

10.33    1.71 

3.62 

,81 

1.38 

.64 

|. .... 

4  830 

2 

i 

17.3 

5^06 

.83 

1.63 

3-40 

973    »-^ 

I'Z^ 

.82 

t'39 

.64 

4  500 

i 

^ 

16.0 

4.68 

.8s 

1.60 

3-19 

9.10 

149 

3.14 

.83 

139 

,64 

419 

4  180 

I 

1 

147 

4.30 

.83 

1.58 

2.93 

8-44 

1.37 

2.89 

.83 

1.40 

-64 

4H 

3  850 

I 

A 

«3-3 

390 

.81 

1.56 

275 

7-75 

1.25 

2,64 

.84 

141 

.64 

.428 

3  S» 

1 

i 

II -9 

3-SO 

-79 

1-54 

2-51 

7.04 

1. 1 3 

2.37 

.85 

142 

65 

431 

3  160 

1 

io.6 

3-09 

76 

1.51 

2.25 

6.29 

1.01 

2.10 

■85 

1-43 

-65 

437 

2  800 

t 

1 

9.1 

2.67 

74: 

149 

1.98 

5.50     .88  1 

1.83 

,86 

,1-44 

.66 

■440 

2  440 

t 

77 

2-lS 

■7^ 

147 

1-70, 

4-67J    75 

I -54 

.87 

,144 

.66 

443 

2  050 

t 

4Xjl 

4 

1S.5 

5-43 

r.ri 

i,|6 

549 

777  2.30 

2,91 

1. 01 

1.19 

7a 

3  9X> 

t' 

1 

17^3 

5.05 

1.09 

1.34 

S.18 

7-32,2.15 

274 

I. or 

I,ZO 

7a 

3  650 

1 

H 

16.D 

4.68 

1.07 

i.3i 

4J6 

6,86,  2.0O 

2.55 

1.02 

t.2l 

72 

742 

3  400 

i< 

1 

147 

4.30 

1.04 

1.39 

45^1 

6.37?  1-84 

2.35 

1-03 

1.22 

71 

742 

3  W 

1  < 

A 

»3-3 

3*9=" 

1.02 

1.27 

4.16, 

5.861  1.68 

2.15 

1.03 

1.23 

.72 

747 

2  870 

I 

A 

11-9 

3-50 

I.CX> 

1,25 

379; 

5,32  1.52 

1,94 

1.04 

1.23 

72 

-7SO 

2  590 

i( 

10.6 

3.09 

.98 

1,23 

3-4° 

476:  1.3s 

1.72 

I. OS 

1.24 

■72 

-7S3 

2    290 

It 

A 

9.1 

1.67 

.96 

1.21 

^■99 

4.17  I.18 

1.50 

1.06 

1.25 

-73 

755 

2  000 

T 

77 

1.15 

.93 

i.\% 

2.56 

3.56,  1.00 

1.26 

1.07 

1.26 

73 

757 

1  680 

I 

4X3 

H 

17.1:5-05 

.94 

1-44 

3+7 

7-34 

1.68 

2.87 

.81 

1. 21 

.64 

■518 

3    SjD 

3 

\ 

t6.o   4^69 

.92 

142 

3.23 

6.93 

1.57 

2.68 

.84 

1.22 

,64 

-524 

3  570 

3« 

H 

14.8   4.34 

.89 

1.39 

3.08 

649 

146 

2.49 

,  .84 

r.22 

64 

.529 

3  32C 

11 

15.6 

1-98 

.87 

1.37 

Z.87 

6.03   1.35 

2.30 

.8s 

1.23 

.64 

-534 

3  070 

iJ 

A 

124 

3^62 

-85 

IJ5  1 

2.66 

5 '55 

I2J 

2.10 

.86 

1.24 

.64 

.538 

2  800 

1  ' 

i 

II. 1 

3^25 

.83 

1-33 

2.42 

S-05 

1,11 

1.89 

.86 

1.25 

.64 

■541 

2  550     1 

9.8 

2.87 

.80 

1.30 

2,18 

4.52 

-99 

1.68 

.87 

1-25 

.64 

-547 

2  240  1  J 

J 

§5 

248 

78 

i,28 

1.92 

3^96 

.87 

146 

.88, 

1.26 

.64 

,551 

1  9^0 

I 

7.1 

2.09 

76 

1.26 

I  6s 

3-38 

-74 

1.23 

,89 

1.27 

-6s 

-554 

I  640 

' 

i 

S.8 

1.69 

74 

1.24 

1.36 

2-77 

.60 

1. 00 

.89 

1.28 

-65 

^557 

t  330 

1 

J1X3 

H 

15.8 

4.62 

.98 

1.23 

3.33 

4.98 

I.6s 

2.20 

.85 

t.04 

.62 

.6g4 

2  930 

t  ■ 

} 

147 

4-31 

.96 

1.21 

3-15 

470 

I  54 

2.05 

.85 

1.04 

.62 

.698 

2  730 

11 

A 

13-6 

4.00 

•94 

1.19 

2.96 

441   1.44 

1,91 

.86 

1.05 

.62 

-703 

2  550 

li 

A 

iz.S 

3-^7' 

.92 

1.17 

2,76 

4.tJ  1,33 

1.76 

.87 

1.06 

.62 

707 

2  15° 

I  \ 

n.4 

3-34 

.90 

^-n 

255 

3.79  I  21 

1.61 

.87 

1.07 

.62 

711 

2  uo  ; 

li 

1 

10*2 

3,00 

-88 

t-u 

2.33 

34S,  1.10 

145 

.88 

r.07 

.62 

714 

1  930 

Ii 

A 

9-1 

2.65 

,85 

MO 

2.09 

3  JO 

.9R 

1.29 

.89 

1,08 

.62 

718 

I  720 

I; 

1 

1 

7-9 

a*30 

.81 

r.o8 

i.Ss 

2.73 

.85 

1.13 

-90 

1,09 

.62 

.721 

I  510 

I  1 

A 

6.6 

1^93 

,81 

1.06 

l.SS 

2.33 

72 

,96 

.90 

1. 10 

.63 

-724 

I  280 

5 

J 

S4 

i-SG 

79 

J. 04 

1,29 

1,91 

.58 

.78 

.91 

I.U 

.63 

.727 

I  04Q 

i 

jiX*i 

H 

fz.s 

3-65 

77 

1.27 

172 

4,13 

^99 

1.85 

.69 

1.06 

■53 

468 

t  470 

I  ? 

1 

11-5 

3^6 

75 

1.25 

1,61 

3.S5 

.92 

171 

.69 

1.07 

'S3 

472 

2  =so 

t  I 

104 

3,06 

-73 

1.23 

149 

3-55 

.84 

X.56 

.70 

1.08 

-S3 

48Q 

2   0«0 

I  I 

1 

94 

i7S 

-70 

1.20 

1.36 

3-24 

76 

141 

-70 

1.09 

*53 

486 

I  880 

1  e 

R.3 

243 

.68 

M8 

1.23 

2.91 

,68 

1.26 

71 

1.09 

-54 

-491 

I  6S0 

9 

1 

7-3 

2.11 

.66 

1. 16 

l,og 

2,^6 

-59 

1.09 

.72 

1. 10 

'54 

496 

I  450 

I 

6.1 

178 

.64 

1. 14 

-94 

2.19 

50 

.93 

73 

MI 

.54 

.501 

1 240 

1 

4-9 

1-44 

.61   IMI 

78 

iJo 

41 

75 

74 

1.12      .54 

.506 

I  ooe 

S 

SO 


^^m                      TABLE  2i.—CtmliHued 

^ 

Properties  of  Unequal  Leg  Angles 

1 

.-^ 

« 

«4  V 

§  '5  S  -3 

% 

't-'- 
it 

1 

& 

J 

8lj  Vil 

1 

1 

i^ij 

Moment  of       Section 

Radius  of 

" 

1 

1^^ 

InertiA 

Modulua 

Gyiatjon 

*8 

s  0  fr 

Axit 

Axlf 

AxU 

A^ 

Axil 

Axis 

Axifl 

i-i 

2-2 

I-£ 

2-2 

i-r 

2-2 

3-J 

L4 

X| 

Xi 

In. 

li 

\x 

Si 

In.« 

St 
In.' 

n 

ri 

In. 

r* 

Mt 

Ml 

In. 

Lb. 

In.t 

In. 

In,* 

•57 

la.* 
2,36 

In, 
.54 

In. 

Ft.-Lb. 

Ft.-Lb. 

i 

6.6 

193 

,50 

1.25 

^38 

1.05 

I. II 

43 

.324 

I  400 

500 

S.6 

1.63 

48 

1.23 

49 

2.02 

.32 

.89 

'l^ 

Lt2 

43 

.329 

I    190 

430 

t 

4-5 

1.32 

46 

I.2I 

41 

1.67 

,26 

72 

.56 

LI3 

43 

^lll 

960 

350 

X 

9.0 

2.64 

'59 

1.21 

75 

2.64 

•53 

1,30 

*53 

1. 00 

•44 

1  730 

700 

1 

8.1 

2.38 

^57 

Liy 

,69 

242 

48 

1.17 

•54 

KOI 

■44 

I  560 

640 

fg 

7.3 

2,U 

54 

LI7 

.62 

2.18 

43 

L05 

•54 

1.02 

.44 

I  400 

570 

i   1 

6.3 

t.83 

■5i 

LI5 

•55 

t.91 

•37 

.91 

*55 

L02 

►44 

I    210 

500 

^      V 

53 

'•55 

•SO 

lAl 

48 

1,65 

•3^ 

•77 

.56 

1.03 

45 

I   020 

430 

li^ 

4*3 

I.2S 

.48 

1.09 

40 

1,36 

.26 

.63 

•57 

1,04 

•45 

.369, 

840 

350 

i'' 

1.99 

.88 

*34 

1.16 

•*7 

.98 

-13 

47 

■44 

1.05 

•35 

630 

170 

|a 

10.1 

2.96 

.88 

.98 

2.01 

2.37 

1.04 

1.17 

.82 

.90 

'54 

I    560 

I  390 

i'' 

9.8 

2.89 

.84 

.99 

176 

a.38 

•95 

1.17 

78 

-91 

55 

I    560 

1  270 

I  ^ 

^•5 

2.78 

•77 

1.02 

142 

2.28 

.82 

I  IS 

.72 

.91 

-52 

.661 

I    530 

I  090 

'  1 

i 

2,50 

75 

1. 00 

1.30 

2.08 

74 

1.04 

72 

.91 

.52 

.666 

I    390 

990 

2.22 

73 

.98 

t-i8 

1,88 

.66 

.931 

73 

.92 

•52 

.672 

I    240 

880 

1 

6.6 

1.92 

■Z' 

.96 

1.04 

l66 

S8 

.81 

.74 

.93 

'52 

.676 

I   080 

770 

n* 

5*6 

1,62 

.68 

.93 

.90 

142 

49 

'69 

'74 

'94 

•S3 

.680 

920 

650 

1 

4.5 

1.31 

.66 

-91 

74 

1.17 

•40 

.56 

•^5 

•95 

■53 

•5Ss 

750 

530 

A 

3-39 

1,00 

.64 

.89 

.58 

,91 

.31 

'43 

.76 

'95 

•53 

.688 

570 

410 

i 

77 

2,25 

.58 

J. 08 

.67 

1.92 

47 

1. 00 

•55 

•92 

•43 

414 

1  330 

630 

6.8 

1.00 

.56 

1.06 

.61 

173 

42 

.89 

•55 

■93, 

.43 

421 

I  190 

560 

1 

59 

173 

'54 

1.04 

•54 

1-53 

'37 

.78 

.56 

9* 

43 

.428 

I  040 

490 

A 

«;^o 

147 

52 

1.02 

•47 

1.32 

"32 

.66 

•57 

•95 

43 

434 

880 

430 

i 

4  t 

1.19 

49 

•99 

■39 

L09 

.26 

•54 

-57 

•95 

43 

.44c 

720 

350 

A 

3.07 

•91 

47 

•97 

•3» 

.84 

,20 

41 

,58 

•95 

43 

446 

550 

270 

6.8 

2,CX} 

.63 

.88 

,64 

1.14 

•46 

.70 

.56 

75 

42 

.600 

930 

610 

1 1 

6.1 

1.78 

.60 

.85 

58 

L03 

4* 

.63 

•57 

.76 

42 

.607 

830 

550 

5-3 

t-55 

,58 

•83 

-52 

.91 

.36 

'55 

•58 

.77 

.42 

.614 

730 

480 

1 1 

4-5 

1.31 

.56 

.81 

•45 

79 

•31 

47 

-S8 

•78 

.  -^^ 

.620 

630 

410 

ft 

3,62 

1.06 

•54 

•79 

•37 

•6s 

.25 

•38 

•59 

.78 

.42 

.626 

510 

330 

1  r 

a75 

.81 

•51 

.76 

.29 

.51 

.20 

,29 

.60 

'79 

43 

.63* 

390 

270 

(k 

4-* 

«-24 

•47 

'85 

.31 

•76 

M 

46 

SO 

.79 

•^2 

610 

320 

I 

i 

3.40 

1,00 

•45 

.85 

•as 

.62 

.20  ;  .37 

•50 

'79 

*3! 

500 

270 

■ 

A 

1^59 

^77 

•43 

.81 

.20 

49 

.15 

.29 

.5t 

.80 

•38 

390 

zoo 

1 

<r 

3.92 

I. IS 

•40 

90 

.19 

71 

•17 

■44 

41 

79 

.32 

-349 

590 

230 

1 

J 

3  «9 

'94 

.38 

.68 

.16 

'59 

.14 

.36 

41 

•79 

32 

.357 

480 

190 

.1 

ft 

344 

7^ 

35 

'85 

.13 

.46 

.11 

.28 

.42 

.80 

•33 

.364 

370 

150 

■ 

A 

1.91 

'57 

•27 

.89 

.064 

•37 

.066 

'23 

.34 

.81 

.27 

.*6s 

300 

jl 

' 

( 

■ 

_                                                 61 

J 

J 

TABLE  1^,— Continued 

.• 

1 

Properties  of  Unequal  Leg  Anc^rs 

_6J 

i 

1 

1 

IN 

H 

is 

1 

3^  0 

5^ 

i.^'    .-• 

4 

1 

j33 

liii 

^ 

Moment  of 
Inertia 

Section 
Modulus 

Radius  of 
Gyraticm 

Axis 

Axil 

Axis 

Axil 

Axi« 

A:iis 

Axis 

t-t  1 

i-t 

t-i 

2-1 

J-I  ' 

s-a 

J~J 

^ 

S 

i< 

XI 

Xi 

Ii 

U 

Si 

Si 

ri 

Ti 

r<     1 

Ml 

u> 

Id. 

In, 

Lb. 

In.s 

In. 

In.  . 

In.* 

In.' 

In."      In." 

In, 

In. 

ta. 

Ft^Lb. 

Fi,-Ui. 

4xti 

i 

S-6 

k6i 

48 

.36 

,26 

'75 

.26 

-54 

40 

.68 

43 

720 

3S0 

A 

5.0 

145 

46 

^83 

.24 

.68 

.23 

4S 

41 

.6g' 

,32 

640 

500 

i 

44 

1.27 

■44 

Ji 

.21 

.61 

.20 

■+i 

41 

,69 

,32 

560 

270 

^ 

3.66 

1.07 

42 

*79 

.19 

43 

'17 

46  \ 

42 

.70 

-33 

434 

480 

JJO 

,i 

2.g8 

,88 

'39 

^77 

.16 

■44 

.14 

-30 

43 

'7t 

4^  ' 

4Dd 

190 

^aS 

,67 

47 

-7S 

.12 

34     1 

.11 

-33 

43 

'71 

43 

310 

m 

iXli 

1 

J -99 

!.I7 

46 

.71 

.21 

■43 

.20 

-34 

42 

.61 

■33 

.534 

450 

vp 

3-39 

1. 00 

■44 

.69 

.18 

48 

.17 

.29 

42 

.62 

42 

434 

390 

ip 

i 

2-77 

Ji 

41  1 

.66 

-JS     ' 

r32 

■H 

.24 

43 

1  .62 

■32 

■S4J 

320 

m 

A 

ZAl 

M 

.39  ! 

.64 

.12 

n 

.11 

.18 

'44 

•63 

•33 

451 

240 

150 

i 

1.44 

42' 

'37 

.62 

oSf 

.17 

■07S 

•'5 

45 

.64 

■33 

459 

170 

too  ^ 

iXii 

i 

3.83' 

1.13 

4Z 

■73 

.16 

42 

■17 

43 

.38 

.61 

.29 

434 

44CI 

2]0 

A 

3-^6 

.96 

49 

.71 

H 

.37 

.14 

.2S 

.38 

.62 

.29 

■44S 

370 

190 

1 

2.66 

■79 

■37 

.68 

,12 

41 

.12 

.23 

■39 

M 

-30 

455 

300 

]6o 

ft 

1.04 

.60 

4S 

.66 

.096 

.24 

,094 

.iS 

40 

M 

41 

|47S 

240 

m 

iXil 

A 

2,5; 

■7.<^ 

43 

.71 

.089 

■30 

.097 

n 

44 

.63 

*27 

.... 

300 

IJO 

1.96 

-57 

41 

.69 

.071 

■^3 

■07s 

.18 

45 

.64 

.27 

240 

101? 

lixii 

i 

^H 

.69 

45 

.60 

.035 

.^0 

-095 

.18 

'^ 

54 

.27 

240 

115 

ft 

1.80 

^S3 

43 

■5a 

.0f»9    ,16 

.075 

.14 

46 

45 

.27 

190 

ia> 

i 

1,23 

.36 

41 

,56 

.049 

.11 

.052 

■094 

47 

-56 

i? 

I3S 

70 

iJXii 

i 

^^^-4 

.66 

41 

.62 

.062 

•19 

.077 

-17 

41 

-54 

.24 

330 

100 

ft 

1.72 

SI 

.29 

,60 

050 

■IS 

.060 

15 

42 

4S 

-24 

170 

80 

i 

1.17 

-3S 

.27 

.58 

.037 

-II 

-043 

-093 

.32 

46 

.24 

IIS 

S7 

■IXlJ 

ft 

1.59 

76 

4*3 

■S^ 

.097 

.16 

.113 

.(6 

45 

45 

.26 

210 

IJO 

} 

^.13 

■63 

4^ 

.50 

.08 1 

■  n 

■093 

■  n 

46 

46 

.26 

170 

ii> 

ft 

k6+ 

.48 

4S 

.48 

.^5 

-10 

.073 

.10 

47 

46 

.26 

130 

97   1 

iJXl 

i 

l.Sl 

■54 

30 

49 

.041 

.093 

■059 

,106 

.28 

41 

.21 

140 

fc 

ft 

1.40 

41 

.28 

47 

033 

■Q7S 

.046 

.082 

.28 

43 

.21 

IID 

60 

i 

.96 

.29 

.26 

44 

.024 

.053 

.032 

■057 

,39 

*4+ 

.22 

7S 

40 

"3xi 

A 

1.32 

'39 

.24 

-49 

.022 

.07 1 

.035 

.081 

■34 

43 

.19 

*      .     .     .      r 

no 

45 

i 

,gi 

.27 

.22 

47 

.017 

.05  r 

.026 

.056 

■25 

.44 

.30 

n 

H 

ijxl 

i 

^ss 

.25 

.23 

41 

.016 

-039 

024 

■047 

.25 

,40 

19 

60 

P 

•Axil 

ft 

i,oS 

^32 

.24 

-37 

ois 

-O.T3 

.027 

.048 

.22 

■3^ 

.16 

64 

35 

ixi 

ft 

1. 00 

.30 

■23 

■35 

.013 

.027 

.025 

.042 

.21 

40 

.16 

ss 

30 

t 

.70 

,21 

.21 

43 

0094 

.020 

.017 

,030 

.22 

4  J 

.16 

40 

20 

iXt 

ft 

.92 

-27 

.19 

48 

.0074 

.025 

.017 

.041 

^17 

41 

-n 

ss 

20 
16 

t 

.64 

.19 

'I7 

45 

'°o5  5 

.019 

.012 

.029 

.17 

41 

.13 

40 

ixl 

.095 

42 

.13 

.13 

41 

.0022 

.OQ93 

.0054 

.017 

■13 

.28 

.12 

3d 

7 

'1 

A 

.62 

.19 

■15 

■3t 

.0032 

.0!! 

.0091 

.022 

^13 

-IS 

,11 

30 

11 

Si 

TABLE  25 
Akbas  of  Angles 


ARKAS   m  SQUAJtE    iNCUttS 

Demknsion^  m  Incbss 

Anglba  with  Equal  Lkcs 

Sam 

i 

A    1 

A 

1 

A 

i 

A 

1 

« 

i 

a 

I 

tl 

I 

lA 

il 

Sr7ii 

'xr 

X6 

.,., 

'■- 

.... 

.... 

4-36 
3.61 

2.86 
248 

1.91 

1.73 

I.|6 

..17 

0.98 

S.d6 
4.rB 

34< 

2.S7 

*4J 
2.22 
2.00 

.V 

I.S6 
1-34 

7-75 

4^7S 
3^75 

».7S 
a.So 

Lis 

1.00 

S.68 
6.43 

S-JI 
4.1S 
J.6, 
3.06 

9.61 
7.11 

S.86 
4.61 

3.9» 
3.J6 

IO.S3 
7.78 

6.40 
S.O3 

4^34 

n.44 
S.44 
6.94 

5*44 
469 

«*-34 
9.09 

7-47 

s.e+ 

J. 03 

13.13 
9-73 
7.9R 

14.12 
10.37 

15.00 
11.00 
9.00 

'S-S? 

16.73 

8'X8' 
6  X6 
S  XS 
4  X4 
3lX3l 
3  X3 
ilX2i 
iJXiJ 
siXsi 
i  Xs 
i!xi3 
iJXil 
ilXil 
I  Xi 

X4 

,... 

.-.. 

140 
2.09 

1,62 

1-47 

1.15 
1. 00 

0.68 

»X3* 
X3 

,.,. 

..... 

144 

K3i 

1,19 

TOfi 

IXii 

ixti 

OAO 

a.90 
0,81 

IXil 

Xt 

0.71  [0.94' 

]Xe1 

IXi) 

IXil 

Xi 

aa3|0.34'044 

1 

Anclks  with  Ukequal  Lacs 

Sos 

i 

A 

i 

A 

i 

A 

i 

A 

i 

H 

'1" 

• 

11 

I 

lA 

li 

Su* 

'X3r 

4.40 
4.18 

J-97 
3-7S 

s.po 

475 
4^50 
4.2s 
4.00 
3-75 
3.S0 
3..S 

3.C30 

2.7S 
2.  so 

2.2s 

2,00 

S.59 
5.31 
sm 

4.75 

♦■47 
4.18 

3,90 
3.6» 

3-34 

3.06 

2.78 

6.17 

S.86 

s-ss 

S-I3 
4.92 
4.6. 
4.J0 
3.98 
3.67 
3-36 

6-75 
640 
6.06 
S7i 
S-37 
503 
4.68 

4  34 
4.00 

3.6s 

1 
7,31^7.87   84^ 

6.CU      "7-^7  *  ?  0& 

8.97 
8-50 
8.03 

9.00 
8*50 

7'X3r 
6  X4 
6X31 1 
5  X4  1 
S  X3l 
S  X3 
4  X3r 
4  X3 
3iX3 
31X2* 
3   Xi! 
3  Xi 
»JXj 

X4 
Xji 

X4 

3.61 

34^ 
3.^3 

6.56 

6.ig 
5.8. 

544 
5.06 

4.69 

'♦■31 

7.06 
6.6s 
6.2s 
S.84 

S-43 
5.03 
4.62 

7*55 
7.11 

6.67 

! 

.... 

1^56 
2,40 
3.2s 

2.09 
1.93 
1.78 
1.62 

147 
141 

Xi) 

Xi 
Xji 

Xj 
IX) 

2*86ii  ■ai 

..., 

2,67 
248 
2.30 
1.11 
1-93 
1.73 

J09 

2.87 

^-43 
2.21 
2,00 
1.7S 

1-44 
1.31 

I  19 
1.06 

\Xzi 

..... 



; 

0.81 

1 

^ 

H 

1 

li 

*-!. 

A 

i 

A 

1 

A 

i 

A 

1 

tt 

i 

H 

I 

I 

•  A 

.s». 

53 


TABLE  26 
Weights  of  Anch^s 


Angles  whh  Equal  Legs 

WfeiajrrB  jk  ?ocnn»  wb»  Foot 

DlUEIWQIff*  tK   IliGBSft 

Size 

1 

ft 

J 

A 

1 

A 

i 

A 

J 

\l 

3 

il 

i 

H 

/ 

/A 

ii 

S'Xfl' 
6  X6 
5  Xs 
4  X4 
3iX3* 
3  X3 

»ix»i 

iix»i 
»lx*i 

a  Xa 

lixii 

liXli 

lixii 

iXi 

.... 

.... 

149 

la.j 
9.8 

8.S 
7,a 
6,6 
S-9 
S-3 
4-7 
4.0 
34 

i7^a 
14,3 
11.3 

9.8 
8.3 
7.6 
6.& 
6,1 

4.6 

16.4 
19.6 
16.Z 

12.8 

III 
9*4 

7-7 
6.8 

$9.6 
11.9 

14.3 

11.4 
10.4 

3^-7 
24.2 

lO.D 

35^8 
26,5 
21.B 

t7-i 

14.8 

38.9 
13-6 

,8.5 
t6.a 

42.0 

3K0 

2S4 
19-9 
17.1 

4S'0 
27.2 

48.1 

35-3 
38.9 

37*4 
50.6 

S4-0 

$6.9 

1 
1 



.... 

.... 

S.2 

S6 

4-5 

S-9 
3-4 

2.3 

4 

.... 

.... 

4-9 

4^5 
4-1 

3-3 
1.9 

(■S 

1 

, 

1,0 

3*1 

1.2 

i 

t 

«  •*  i 

» *  *  * 

3 

1 

I 

1 

1 

.... 

' 

Ancles  with  Unequal  Legs 

Size 

1 

A 

I 

A 

1    A 

! 

A 

1 

H 

i 

!i 

I 

a 

I 

32.3 
30,6 
a8.9 

/A 

/I 

T-Xsi' 
6X4 
6  X3i 
S  X4 
S  X3i 
S  X3 
4X3i 
4X3 
3iX3 
3*Xai 
3  Xai 
3  Xa 
aiXa 

.... 

.  t «  . 

....  ISO 
114  14.3 

11.0  11 J 
10.4  12^ 

9.S  11.1 

17.0 
16.1 

14.S 
13.6 

11 -9 

to,a 
94 

77 
6.S 

19.1 

18.1, 

14<3 
13.3 
12,4 
114 
104 
9*5 

II.O 

20,0 
18.9 
17^8 
16,8 
"S-7 
S4.7 
13*6 

ns 

23.0 
21.8 
20.6 

19^5 
18.3 
17. 1 

16.0 

.4.8 
1J.6 

la.s 

H'9 

234 
21.1 

19.8 
18.S 
17-3 
16.0 

14^7 

26.8 

2S4 
24,0 
22.7 
21.3 
19.9 
18.5 
17.1 

28.7 
i7*l 
2S7 
14,3 

ja,7 

30.S 
2S.9 

a7-3 

7 
6 
6 

5 
S 

s 

6.7 
8.2 

r-r 

7-a 
6.6 
6.1 
S.6 

S.O 
4.S 

91 

7-9 

S-9 
S^3 

10,6 

7.6 
6.8 
6.1 

4 

4 
3* 

49 
4-S 
4.1 

J-7 

3i 

3 

3 

i.g 

3| 

; 

'^' 1 

/I 

Size 

i 

A 

i 

A 

1 

A 

* 

A 

f 

tt 

t 

H 

i  1 

H 

X 

/A 

I 

^ 


TABLE  27 
Overrun  of  Pencoyd  Angles 


Qverrun  af  AiM^ea  la.  Itith^ 

of 

Tblcknen  In  Inchn 

» 

U 

»A 

I 

tt 

* 

a 

I 

a 

1 

A 

i 

A 

1 

A 

i 

A 

i 

B 
6 

2 

'Ji 

1 

a 
1 
tl 

» 

A 

1 
i 

A 

1 

o 

A 
A 

0 

o 

i 

A 

o 

i 

t 

A 

0 

A 
A 

0 
Q 
Q 
O 

A 
i 

i 

o 

i 

o 

Q 

Q 

.,, 

■" 

A 

1 

A 

1 

1 

A 

1 

o 
o 

0 

A 

0 

i 

A 

1 

A 

i 

A 

A 

o 

i 
i 

i 

1 

A 

A 

o 

0 

o 

1 

0 

A 
1 

1 

O 

0 
0 
0 

A 

o 

0 

o 

0 
0 

o 

I 

t 

A 

0 

^    1 

1 

Q 

a 

0 

A 

0 

► 



1 

55 


Overrun 

OF 

TABLE  28 
Pennsylvania  Steel  Co 

.  Angles 

Ovrmin  of  Angles  in  Incites                                                                      1 1 

Size  of 
Angle 

TflJcul^fll  1^  iQCuAB 

MBximiim  Uagth  of  Aa^ 

Inche. 

>i 

lA 

r 

« 

i 

H 

1 

H 

t 

A 

i 

A 

1 

A 

I 

A 

.* 

Feet 

8    X8 
6  X6 

4iX4i 

Jixji 

3  X3, 

ilXli 
B  X6 
6  X  + 
6  X3i 
S  X4, 
S  X3i 
S  X3 
+4X3 
+  X3J 

4  X3 
3iX3 
3iX2i 
3  XjJ 
3   Xi 

1 

1 

5 

1 

A 

? 

A 

A 

A 

A 

" 

Seforrfioiosfof!" 
B8  for  i"  lo  los  for  A" 

70 
70 

7<^ 
70 

35  fori"  to  50 for r 
SO 
50 
50 

63  for  ij"  to  105  br]", 
70 
70 

70 
70 
70 
70 
70 
70 
70 
70 
70 

,  =  , 

i 

i 

A 

i 

1 

i 

1 

i 

A 
A 

1, 

i 

A 

i 

t 

}. 

... 

A 
0 

t 

t 

... 

A 

1 

... 
A 

A 

i 

A 

... 

i 
i 

A 

A 

A 

■ 

"i 

1 

A 

A 

A 

A 

A 

i 

i 

A 

A 

i 

i 
A 

ii 
It 

A 
1 
* 

A 
i 

A 

i 

A 
A 
A 
A 
i 

"i 

A 
A 
A 

'"T 

A 
J 

1 

..-:... 

A 
A 

... 

,       H      . 

u 

i 

t 

^  ■  ■ ' ■  "  ■  ■ .  -  -  ^. .. . 

'••■:■,                   -^           _|  1 

51 

3 

TABLE  29. 

Carnegie  Angles. 

Net  A&bas  and  Allowable  Tension  Values  in  Thodsanos  op  Pounds. 

Maximum  Fiber  Stress,  16,000  Pounds  per  Square  Inch. 


:^s 


IXS 
IX« 


tX6 


X4 
J<4 


X3 


Thlclt- 


t 


Weight 

per  Foot. 
Poundi. 


51,0 
48.1 
45.0 
42.0 
389 
35-8 

29-6 
264 

442 
4'7 

39-1 
36,5 

338 
31.2 

28.S 
257 
23.0 
20*2 

3hi 

31  o 

287 

142 

21.9 
19.6 
17.2 
14-9 

27*2 

23.6 
21.8 
20.0 
18-! 
16.2 

143 
11.3 

16.8 

13,6 

12.0 

104 

87 

12,8 
11.3 

8,2 


Area, 

laches*. 


15.00 
14.11 

13.23 
12.34 
11.44 

I0-S3 
9.61 
8,68 
775 

13.00 
12.25 
n.48 
10.72 
9.94 

9.15 
8.36 

7.56 
6.75 

S-93 

973 
909 
8.44 
778 
7.1 1 
643 

S.06 
4,36 

7.98 
747 
6.94 
640 
5,86 
531 

475 
4.18 
361 

4,92 

447 
4.00 

353 
305 
2.56 

3  75 
3'3» 
2.86 
2.40 


Net  Afeas  and  Sire] 


Two  Holes  Deducted. 


I  tocb  Rivet*. 


Area, 
inchei^. 


13^00 
12.24 
n.48 
10.72 

9-94 
9.16 

S.36 
7  55 
6.75 

11.00 

10.37 
9  73 
9.10 

8.44 
778 

6.43 

575 
5.05 

7.98 
7  47 
6.94 

641 
5.86 
S'30 
475 
4,18 
3  61 

6.23 
5.8s 
5.44 
503 
4.61 
4,18 
375 
335 
2.86 

3.67 

3-34 
3.00 
2,65 
2.30 
1.93 

275 
243 

2.1 1 

»77 


Streis* 


57 


208.0 
195.8 
1837 
17I0 
159.0 
146.6 
153.8 
120.8 
108.0 

176.0 
165.9 

1557 
145.6 

J35.0 
124.S 
113.8 
102.9 
92.0 
80.8 

1277 
119^5 

IIl.O 

102.6 
938 
84-8 
76.0 
66,9 
57-8 

997 
93.6 
87.0 
80.5 
73.8 
66.9 
60.0 
SI.8 
45.8 

587 
534 
48,0 
424 
36.8 
30-9 

44.0 
38.9 

33.8 
28.5 


I  Inch  RlveU. 


Area^ 
incbet*. 


StreM. 


13.25 

12.48 

11.70 

10.92 

10.13 

9-33 

8.52 

7.70 

6.87 

n.25 
10.61 

9-95 
9.30 
8.63 
7-95 
7*27 
6.58 

5.87 
5.16 

8.20 
7.67 
7.13 
6.58 
6,02 
545 
487 
429 
370 

645 
6.05 
5,63 
5.20 
477 
433 
3.87 
341 
2.95 

3.83 
349 
3.12 
2.76 

3*39 
2.01 

2*87 

2.54 
2.20 

185 


212.0 

>997 
187.2 

1747 
162. 1 

1493 

136.3 
123.2 
109.9 

180.0 
169.8 
159.2 
148.8 
138.1 
127,1 
116.3 
105.3 

93-9 

82.6 

131-2 

122.7 

U4.1 

105.3 

96.3 

87.2 

77-9 

68.6 

59.2 

103.2 

96.8 
90.1 
83,1 
76.3 
69.3 
61.9 
54^6 
47.2 

61.3 

55.8 
49.9 
44-i 
38.2 
32.2 

4S-9 
40.6 
352 
29.6 


I  Inch  Rivet*. 


Area. 
Inches*. 


8.67 
7.84 
7.00 


7.42 

6.72 
6.00 
5.27 


6.17 

559 

5.00 
4.40 
3.R0 


4.92 

4-47 
4.00 
3.52 
3-05 

3.98 
3.63 
3.25 

287 
2.49 
2.09 

3-00 
2.65 
2.30 
1.93  30.9 


Stress. 


138.7 
1254 
112.0 


118.7 

107.5 

96,0 

84.5 


98.7 

894 
80.0 
70,4 
60.8 


tfiita 


TABLE  29,— Continued. 

Carnegie  Angles. 

Net  Areas  and  Allowable  Tension  Values  in  Thousands  of  Pounds 

Maximum  Fiber  Stress,  16,000  Pounds  per  Square  Inch. 


Size, 


6X6 

6X6 
6X6 
6X6 
6X6 
6X6 
6X6 
6X6 
6X6 

6X4 
6X4 
6X4 

6X4 
6X4 
6X4 
6X4 
6X4 
6X4 


X3i 

X5i 
Xli 
X3* 
X3I 
X3l 


S 
S 
S 
S 
S 

s 

5 
S 
5 
5 

S 

s 

4X4 
4X4 
4X4 
4X4 

4X4 
4X4 

4X4 

4X3 
4X3 
4X3 
4X3 
4X3 


TKkrlt- 
neMt 


i 

H 
i 

a 

i 
i 

i 

i 

H 
1 

H 
I 

A 
i 

i 

t 

ft 

r 
ft 

i 
ft 

J 

ft 
I 
ft 

i 

ft 
i 

ft 
I 
ft 

i 

i 

ft 

i 

ft 

i 


WeLiht 
per  Foot, 


3J-t 
31.0 

a8.7 
j6.s 
14.1 
21. g 
ig.6 
17.2 
14-9 
27.1 

aS-4 
23.6 

2t.8 
30.O 
I8.I 
16.1 

H-3 
12.J 

16.8 
15.2 
13.6 
i:.o 
104 
8.7 

IS.7 
«4-3 

1 2.8 

ii.j 
9.S 
8.S 

157 
14.J 

12.8 
II.J 
9.8 

g.2 

6.6 

I  I.I 

9.8 

e-s 

7.2 

S.8 


AtCAp 


9*73 
9.09 

8.44 
7.78 
7^11 
6-43 
S-7S 
5.06 

4-36 
7.98 
747 
6.94 
6.40 
5.86 
5^31 
4.7s 
4.18 
3*61 

4,92 

447 
4.0a 

3*53 
3*05 
2.56 

4.61 
4,18 
375 
131 

2>40 

4.61 

4.18 
37S 
3.31 
3.B6 
£40 
1.94 

315 

1.87 
1.48 
1.09 
i,6g 


Net  Arouidsd 


Hole  Deducted. 


i  Ittcn  ftlvcti. 


8.SS 

&.28 

7.69 
7.09 
6.4S 
S.87 

S-^S 
4*6* 
3,98 

7.10 
6.66 
6.19 

5-71 
5,33 

4*7S 
4,1s 

3*74 
3*23 

4-29 
3.91 
3.50 
3.09 
2.67 
2.15 

398 
3.62 

3-^5 
2.87 
24S 
2.09 

3-98 
3.62 
3.2s 
2.87 
248 
2.09 
1,69 

27S 
243 
2.IQ 
1.78 
144 


Stuns. 


141.6 

123.0 

1134 
103.7 

93.9 
84.0 
73*9 
63-7 

113.6 

id6.6 
990 
914 
§3-7 
76.0 
68.0 
S9*S 
Si-7 

68.6 
62.6 
560 
49*4 
427 
36.0 

63.7 

S7*9 
52.0 

45.9 
39-7 
334 
63.7 

57*9 
52.0 

45-9 
39-7 
334 
27.0 

440 
38.9 
33.6 
18.S 
23,0 


1  Inch  Rjvetfl. 


Area. 


8.96 
8.38 
778 
7.18 
6.56 
594 
5.31 
4,6s 
4,03 

7.11 
676 
6.28 
B9o 

S*3i 
4. 82 

4*31 

3.80 

3-^8 

4-37 
3*98 
3  56 
3.1s 
2.72 
2.29 

4.06 
3,69 
331 
^*93 
1*53 
2.13 

4.06 

3*69 
3,31 
2.93 

2.13 

1.72 

2,81 
249 

ii5 
1.82 

147 


Stias. 


H34 

134. 1 

124.S 

114.9 

105.0 

9SO 

85.0 

74-9 

64-S 

II S4 

108.2 

100.5 

92  J 

85*0 

771 

69.0 

6o.@ 


t  iDdiRlnli 


Area. 


66^ 

la&j 

6.01 

^ 

5-37 

H^ 

473 

7f? 

4-oe 

H'l 

5-19 
4^89 
4-37 
3-85 
3*33 


69,9 

4-4S 

637 

4-05 

57^0 

3.61 

504 

3.20 

43  S 

2-77 

36.6 

13! 

65.0 

4-14 

S90 

3-76 

530 

3^37 

46.9 

2.98 

4O0     , 

2.58 

34*1     1 

2.17 

65.0 

4.1I 

S9*o 

376 

53*0 

3-37 

46.9 

2.9S 

4°-S 

ioS 

341 

2.17 

17-5 

175 

450 

2.B7 

39*8 

a.54 

344 

2.30 

191 

iM 

13  s 

i.SO 

9b 

5JJ 
7a 

in 
443 

m 

602 

47"7 
4J-3 

60.3 

4?J 
4J3 


58 


TABLE  29.— CofUinued. 

Carnegie  Angles. 

Net  Akeas  and  Allowable  Tension  Values  in  Thousands  of  Pounds. 

Maximum  Fiber  Strcijs,  16,000  Pounds  jx;r  Square    m.'h. 


TWck- 

Wdgbt 
pef  Foot. 

Ana. 
locliei*. 

NetATtaftondStmsa— One  Hole  Deducted.                      | 

1  Inch  Riv^Ul. 

1  Inch  RivetJ, 

1  Inch  Rivet*.     | 

1* 

lacha. 

^A«a. 

Sum. 

Area, 

Stttm. 

Area* 

Stiem. 

locbei^. 

Inched. 

Jocbe^. 

ll 

13.6 

3'9S 

3'3S 

S3-6 

343 

54-9 

J-S« 

sSa 

)i 

A 

13.4 

3-6j 

3,06 

49,0 

3,13 

SOI 

3.20 

Sr.3 

)i 

11. t 

%H 

2.7S 

440 

2.Bt 

45.0 

a-87 

45*9 

li 

A 

9.g 

3.87 

2.43 

38.9 

349 

39.8 

2,54 

40.6 

;) 

s^s 

348 

2.10 

33-6 

3-15 

344 

3.20 

35 -3 

ti 

A 

7^1 

2.09 

I.7S 

28.5 

1 .82 

29,1 

1.86 

29.8 

i) 

S.8 

169 

1+4 

23.0 

147 

33s 

150 

24.0 

J 

10. 1 

3.00 

250 

40.0 

2,s6 

41-0 

2.62 

41.9 

3 

A 

91 

365      , 

2,21 

3S4 

3.27 

3^3 

3.33 

37.1 

3 

79 

1.30 

1.92 

3^-7 

1,97 

5*5 

2.02 

33-3 

J 

A 

6.6 

1.93 

1.61 

25.9 

1,66 

26.6 

1.70 

37.3 

) 

S-4 

I.S6 

1.31 

21  0 

J-34 

314 

1  37 

21.9 

>i 

94 

3-7S 

2.2s      1 

36,0 

2.31 

37*0 

3*37 

37-9 

n 

A 

8.3 

143 

199 

31.8 

2^05 

33J 

2.10 

33.6 

ii 

7.3 

i.ii 

1-73 

27.7 

1,78 

3B.S 

1.83 

39-3 

ii 

A 

6.1 

178 

147 

23-S 

I'Si 

34-3 

i-SS 

24.8 

M 

4-9 

144 

1.19 

19.0 

1.22 

^94 

I.3S 

20,0 

94 

a*7S 

2,1s 

36.0 

2.31 

37-0 

3*37 

37^9 

A 

8.3 

343 

1.99 

31-8 

3.0s 

33.8 

2.10 

33^6 

7* 

a.ii 

1.73 

27.7 

1.78 

38.5 

1.83 

39-3 

A 

6.1 

1.78 

147 

33S 

1,51 

34*3 

i-SS 

H^S 

49 

1.44 

1,19 

19.0 

1.22 

"95 

1.2s 

20.0 

li 

6.6 

i^ 

154 

24,6 

IS9 

254 

1-64 

26.2 

*i 

A 

S6 

t.62 

1.31 

21,0 

13s 

21.6 

1.39 

22,2 

>l 

4S 

1.31 

1.06 

17-0 

1-09 

174 

1.12 

17.9 

ii 

S^ 

s^ 

1,73 
147 

1,40 

224 

145 

23.2 

>i 

A 

t.20 

193 

134 

19J 

1) 

A 
A 

41 

5^07 

5? 
4-5 

1.19 
0.90 

1,31 

0-97 
0.74 

15  S 

tt.8 

1.00 

0.76 

16.0 

12,2 

1) 

1.22 

'95 

1.^7 

20.3 

1,04 

16.6 

1.08 

17-3 

A 

A 

A 

A 

i 

3.6a 

4-7 
392 
319 
444 

3  39 
2.77 

ic6 

0,84 
0.65 

134 
104 

0.87 

13.9 

0.8 1 

0.67 

10.7 

1.36 
l.lj 
0,94 
0.71 

1.00 

1.08 

"73 

0,92 

o*7S 
0*57 

14.7  1 

12.0 

9-1 

0.77 

13.3 

o.@i 

0.61 

9,9 

A 

tAt 

0.61 

048 

77 

59 


TABLE  m 

Safe  Loads,  in  Tons,  for  Equal  Lbg  Angles 

American  Bridge  Company  Standards 

Length  or  SPAif  in  Fkxt                                           1 1 

I 

3 

3 

4 

5 

6 

T 

S 

9        la      II  j  11   1 

8"X8" 

»f" 

93493 
44.640 

46.747 

22J20 

31.164 
14.880 

13.373 
ti.i6o 

18,699 
8.928 

7-440 

13-3S'5 
6^377 

11.687 
S-S80 

10.388  9.3498  49Q7']wl 
4.9^4'4^H4  0;MT»  I 

6"X6" 

1 

45-707 
18J27 

22,BS4 
9413 

15.236 
6.276 

11.427 
4.707 

9  141 

^76^ 

7.618 
3*138 

6.529 
2.689 

5-713 
a-3S3 

5.0784*571 

2.092  1. 8S 3 

s"xs" 

i 

30.933 
12.907 

IS-467 

10.311 
4<30i 

7-733 
1.227 

6.187 
2.^81 

5.156 
2-151 

4-419 

JJ44 

3*867 
1.613 

3437  3-095 
1414  1:191 

2Mmi  1 
iiTJ.L^  I 

4"X4" 

H      I6.0S3 

}         ;.6qo 

S.027 
2.S00 

S-351 
1-867 

4.013 
1.400 

3.211 
1.120 

2.676 
■933 

2,293 

.800 

2.007 
.700 

17S4 
.622 

1.605  1.459 1, ql 

.560    ,5  ID  ^ 

3rX3i" 

g 

12.0C30 

2.720 

6.000 
1.360 

4.QQ0 

■907 

3.000 

.680 

a. 400 
-S44 

2,000 
-453 

1.714 

.388 

1.5G0 
,340 

1  333 

.172;  .147  -in 

J"X3" 

;       ,  6-93  > 
-       '  1.600 

3467 
.800 

2,311 
■533 

1733  <  1-387 
.400J     .320 

1.156 
.267 

-990 
.229 

.867 
.200 

.770 
.178 

,693!  ^jo  j78 
.i60|  .t4iJl 

j}"xii" 

. 

4-747 
'■333 

":IS 

1.582 
■444 

1,187 

;^^ 

.791 
.222 

.679 
.190 

■S93 
.167 

.527 
.14S 

475|  4^1'  '# 
.133'  *"«'  ■!" 

i 

1 

ai"X2i" 

1       1 
: 

3-S93 
1.067 

1.947 

-?33 

1.298 
■356 

^973  i 
.267 

.779 

.213 

649 

.178 

,153 

4B7 
-133 

433 
/Hi 

.389  s<-^2 

li"X2l" 

t       1 

3-09J 

*8S3 

1.546 
.427 

1.031 

-773 
.213 

.619 

.171 

.515 
.142 

442 

.122 

-S»7 
.107 

-344;  -309!  ^l  ^^  1 
.09  s    *o8s!  .07S3*  ■ 

n 

2"XZ" 

i' 

-693 

1,067     .711 
.347     .131 

■533 
-173 

4^7 
.139 

■3S6 
.116 

■30s 
099 

,267 
.087 

.2371  *ai3    19+  ^»7j  1 
.077  .069'  mjs,  1 

1 

l}"XiJ" 

i'- 

1.600 

^S33 

.267  .178 

.400 
-V33 

•3^0 
.107 

.267 
.089 

.076 

.2CCJ 
.067 

.ITS 
.059 

.160 

.05! 

.145;  ^^ 

^3* 

lJ"X!!" 

'     1013 

.507  ,338 

.iqi      .12S 

■253 
.096 

-H7 

.076 
.053 

.203 
077 

.1^ 
.064 

.145 

.127 

.04S 

.113    .lor 
.043    ^038 

i}"Xli" 

t- 

-587 
,261 

.293       .196 
,131       .087 
.152      .101 
.107       .071 

.117 

.061 
*043 

.098 
■044 

.084 
-037 

*073 
-033 

*o6s    .059 
,0291  .026 

ii"XtJ" 

f 

.051 
•036 

*043 
.030 

.038 
.027 

^     .034   .030 
.024   .021 

i"Xi" 

J         .299;    .1+9 
.109      .149,    .07; 

.099 

.oj;o 

.075 
■037 

.060 
-030 

-03  5 
.019 

.050^     .043 
-025 1     .021 

■037 
.019 

.033    .029 
.017    ois 

V'xl" 



V'XV 

,h    1    .176 
A    !    .096 

.0S8 
,048 

■059 
.     .032 

.044 
.0^4 

.029 
.016 

.025 
.014 

.Q22|     .,020    .01 8|  'Oi^rJJJ  ■ 
,012,     .on    .oio^ooqj?  ^ 

i  :X 

.064 

■on 

'O43 
.023 

.ou 
.017 

.026 
,014 

.021 

.012 

.01  s 
.010 

.016 
.009 

,014   .013  .ou  o"  ■ 
,od8    .007,  .oo^jS  1 

k 

,060     .010 
.047|      021 

,020 
.016 

.015 

.012 

.012      ,010 
.009      .OOR 

.009 

.007 

.007    .007  .006  .005  J^  ■ 

rxi" 

I 

■0J7 
,029 

.Oiq      ,012 
,015      .010 

.009     .Q07     .006 

,007       .006      .005 

.005 
.004 

.c»5     .004    .004 

_^1 

Safe  Load  in  tnn»  of  3000  pounds  uniformly  distributed,  for  maximum  fiber  stress  of  i^"*     ■ 
pound,-!  piT  aquarf  inch.     The  Safe  Load  includes!  weight  of  Angle.     The  Safe  l^oad  for  Angl"'     I 
inti'f  mediate  thickness  can  be  assumed  as  approximately  proportional  to  their  area  or  wf ijjl'''  _J  1 

\ 

m 

^                Safe  Loads»  is  Tons,  for  Uneqital  Leg  Angles 
^^^^                          American  Bridge  Company  Standards 

%amof  AiiCLic 

> 

Length  of  Span  in  Fsirr 

1 

1 

I 

r\  3  __ 

4 

5 

6 

7 

8 

9 

10 

JX 

" 

|..k 

8 
6 
8 
6 

80.58640,293 
47.573  ^i^786 
37706  18.853 
22.560;  n. 280 

26.862 
15.857 

20.147 
11,893 

16.1 17| 
9-515 

13*431 
7.928 

11.512 
6.796 

10.073  8.954 
5.9465,286 

8.058 
4.757 

7.3266715 
4.325  3.964 

12.568 
7.520 

9.426 
5.640 

7.541 
45'2 

6.284 
3760 

5.387 
3.222 

4.7134-1893.771 
2,820,2.567  2.256 

3.428 

2,051 

3.142 
1,880 

Ik^ 

8 

3i 

8 
3) 

73.488 
16.079 

3431^ 
7.801 

36744 
8.039 

244t;6 
5-359 

18.372 
4.020 

14.696 
3.216 

12.500 

2.679 

10.498 

2  207 

9.1868.1657.349 
2.010  1*786  1,608 

6.681  6,25c 
1.46  J  1.34c 

17.156 
3900 

11.437 
2.600 

8.578 
1.950 

6,862 
1,560 

5,718 

1.35x3 
9.404 

2,631 

4.901 

1,114 
8.061 
2.255 

4.289 
0.97s 

3.812 
0.867 

3431 
0780 

3.119 

07C9 

2,859 
0.650 

J. 

5^427 
15.787 

28,2n 
7.893 

18.819 
5,262 

14.107 

5773 
1,680 

11,285 
3  157 

7053 
1.973 

16.270 
'17,54 

5-643 
1-579 

5.130J4.702 
14351 316 

7 
31 
6 
4 

^3093 
6.720 

42.773 
20.Z13 

11.547 

3.360 

21.387 

10.107 

7.698 
2.240 

4.619 
1344 

3.845 

1. 120 

3,299 

.9^ 

2.887  2.566 
.840    .747 

2.3092.099 
.672    ,611 

1,924 
,560 

14.257 
6,738 

10.693 
5053 

8.555 
4.043 

7.129 
3-369 

6,1 10 
2,888 

S  347  4.753 
2.5272246 

4.277  3.888 
2021  1,838 

3.564 
1,684 

^VX4 

6 
4 

17.707 
8-533 

8.853 
4.267 

5,902 
2.844 

4427 
2.133 

3541 

1.707 

"8.352 

3.093 

2.951 
1.422 

6.960 
2.578 

2.529 

1-219 

5.966 

2.209 

2.213 
1.067 
5.220 
1.933 

1,967 
94^ 

1.771  1,609 
.853    .776 

1.476 
711 

6 
5i 

41.760 
15467 

14613 

5-547 

20.8S0 
7733 

13.920 
5.156 

10,440 
3.867 

4,640 
1719 

4.17613796 
1,5461,407 

3,48c 
1.289 

6 
3i 

7-307 

2.773 

13,306 

8.826 

4,871 
T.848 

8,871 
5.884 

3.653 
1.386 

6.653 
4413 

2.923 
1.109 

5^325 
3-531 
2.496 
1.675 

2.435 
— 1?24 

4.435 
2.942 

2.087 

_:793 

3.802 

2.522 

1,827 

33^7 
2.207 

1,624 
.616 

1,461  1.328 
.555    .504 

1.2181 

,46i 

B 

S 
4 

16.61  J 
17.653 

J2.957 
il.961 

2,66i  2.418 
1765  1.605 

2.217 

1.471 

■^  |i 

5 
4 

12.480 
8.373 

6.240 
4.186 

4.160 
2.791 
8.675 
4,480 

3.120 
2,093 
6,506 
3-360 

2.080 
1*395 

;:S 

1.560;  1.387 
1.046I  .930 

1,248  1.134 
.837    ,761 

1,040 

.69:^ 

IxH-LL 

26.026 

13.440 

10.346 

S.440 

13.013 
6.720 

5.205 
2.688, 
2,069 
1.088 

4-338 
2,240 

1,724, 
.907 

3.718 

1.920 

1.478 
.777 

3.253 
1.660 

1.293 
.680 

2,892 
1.493 

2,603  2.36^^ 

1.344  1-222 

2.16c? 
t.120 

5.173 
2.720 

11.867 
4.640 

3.449 
r8i3 

2.587 
1.360 

1,149 
.604 

1,035 
.544 

*94J 
49 » 

•844 
45*; 

^^K^ifj" 

5 
1 

23.733 
9,280 

7.911 
3.093 

5.933 
2,320 

4747 
1.856 

3.955 
1.546 

3390 
1,326 

2.967 
1.160 

2.637 
1 .03 1 

2,373 
.928 

2,157  1,977 
.843    ,773 

5 

} 

1 0,080 
4.000 

19.306 
9.120 

5.040 
2.000 

9  653 
4.560 

3.360 

1  333 

6.433 
3.040 

2.520   2,016 
1.000     .800 

1.680 
,666 

1.440 

*57i 

1,260 
.500 

1. 1 20  1.008 
.444     400 

.931 
.363 

.84c 
.333 

^^^6**^/ 1^ 

4l 
3 

4,827 
2,280 

3,861 
1.824' 

1.643; 
,Soo 

3.217    2,758 
1,520   1.303 

2413 
1.140 

2,1451,931 

i.oi3[  .912 

1755 
.829 

1.689 

4i 
3 

8.213 
4.000 

4,106 
2.000 

1738 
1-333 

2,053 

KOOO 

1.369 
.666 

1.173 

*S7i 

1,027 
.500 

'913 
.444 

.821 
,400 

747 
,363 

^684 
.333 

HF.                 in  Tons  of  2000  pounds  uniformly  distributed,  for  maximum  fiber  stress  of  16.000 
Hm;                  uare  inch.     The  Safe  Load  includes  weight  of  Angle,     The  Safe  Load  for  Angles  of 
flKeiiiii'uiai*    ihkknesi  can  be  assumed  aa  proportional  to  their  area  or  weight. 
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^^^^B                                TABLE                                                        ^^^^^^H 
^^^^^r          Safe  Loax>s.  in  Tons,  for  Unequal  Leg  Angles                 ^^^^^H 
^^M                        American  Brii>ge  Company  Standards                                       M 

1^ 

Lbngth  or  Span  rN  Feet 

1 

i 

z 

2 

J 

4 

5 

6 

7     1 

8 

9 

10 

II 

It 

L. 

i" 

2 

5-333 
3.507 

2.667 
1.253 

1.778 
.835 

1-333 
.627 

1.067 
.501 

.889 

418 

.762 
.35^ 

.667 
■313 

-592 
.278 

*533 
.251 

485 
.228 

•444 
.209 

f 

A 

3 

2 

2.187 
1.067 

1.093 

ST? 

,729 
.355 

-547 
.267 

.437 
.213 

,365 
.178 

.312 
.152 

-273 

'133 

.243 
,118 

.219    .199 
.107    .097 

.182 
.089 

J 

W^'X*" 

i 

2i 
2 

3-733 
2.453 

1,867 
1.237 

1,244 

.818 

■933 
.613 

747 
491 

.622 
409 

•533  i 
350 

467 
.307 

■415 

.272 

*373 
.245 

-339 
.223 

.311 
.204 

1 

A 

2i 

1 

1.067 

773 
.533 

.515 

-3S^ 

.387 
.267 

.309 

.2M 

.258 
.178 

.221 

-152 

193 
•133 

.172 
.118 

■*S5 
.107 

.141 

.097 

.129 
,089 

L 

Ji"xir 

A 

2\ 

i3 

2-453 
1.280 

1.223 

.640 

,818 
427 

.613 
.320 

491 
.256 

409 
.213 

•350 
.183 

.307 
.160 

.272 
.142 

■245 

.128 

.223 
.116 

.204 
.107 

A 

;l 

';iS 

-773 
400 

.515 
.267 

.387 
.200 

.309 
.160 

.258 
•133 

.221 
.114 

.193 
.100 

.172 
.089 

•155 
,080 

.141 
.073 

.129 

.067 

i 

^■•xii" 

A 

;i 

2-347 
.907 

1.173 
.4^3 

.782 
,302 

^5S7 

.237 

.391 
-151 

335 
.129 

.293 
.113 

.261 
.101 

.235 
.091 

.213 
.082 

,195 
.075 

ul 

A 

;i 

1.493 
■5^7 

747 
.291 

•497 

-373 
.147 

.299 
.117 

.249 

.098 

.213 
.084 

.187 
.073 

.166 
.065 

.149 
,059 

.136 
-053 

.124 

.049 

Ij 

^jj"xirj  A 

;! 

1.227 

vU3 

:S 

.409 
,117 

-307 
.088 

,245 
.070 

.204 
.0!;9 

.175 

.o;o 

-153 
,044 

,136 
039 

.113 
.035 

.in 
.032 

.102 

.029 

1 

■"Xii" 

* 

;t 

2.8S0 
1.387 

'ff, 

.960 
.462 

.720 
.347 

.576 
.277 

480 
.231 

411 
.198 

.360 
-173 

.320 
154 

.288 
.139 

.262 
.126 

.240 
115 

.102 
'  .049 

1 

A 

;! 

t.227 
^587 

.613 
.293 

.907 

-ill 

-347 
.200 

.880 

-453 

409 
.I9S 

-307 
.M7 

,245 
.117 

,204 
.098 

.175 
.084 

.259 
^i<;2 

.153 
.078 

,136 
.of.5 

.123 

-05Q 

.III 
-053 

Li"xii" 

i 

3 

1.813 
t.067 

.604 
.231 

,587 
,302 

-453 
.267 

■363 
,213 

.302 
,178 

.227 
.113 

.201 

.118 

.181 
.107 

.165 
.097 

I5» 

.089 

1 

a 

400 

-173 
.loo 

-139 
.080 

.067 

.099 
.057 

.087 
.050 

.077 
-044 

,040 

.036 

.058 
.033 

txil" 

i 

2 
li 

i7C>o 
.907 

.440 
.227 

•352 
.181 

.293 
.151 

.251 
.129 

.220 
.113 

^195 
.101 

,176 
.091 

.160 
.082 

•147 

-075 

A 

2 
ti 

,960 
.501 

4^ 

.2qi 

.320 
.167 

,240 

.125 

.192 
.100 

.160 
.083 

.137 
,075 

.120 
.063 

,107 
,0^6 

.096 
.oqo 

.087 
.04  s 

.080 
,042 

_«"v.l" 

J 

2 

1.227 
,517 

,6,3 

.259 

.409 

.172 

•307 
,129 

.24s 
ao3 

.204 

.086 

.175 
.074 

-153 
.065 

.136 
■OS7 

.123 

.0«J2 

.111 

.047 

,102 
.043 
.080 
•033 

P"' 

A 

2 

•  1 

.960 

480 
.200 

.320 

-U3 

,240 
.100 

.102 

.080 

.160 
.067 

*«37 
.057 

.120  1  .107I  .096 
.050 1. 044 1  .040 

.087 
,056 

Skfr  1  r.a.i  in  TniTs  ,i{  a.ooo  pouoda  uniformly  distributed,  for  maxttnum  fiber  stress  of  l6,ooo 
kt                                     The  Safe  Load  includes  weiglit  of  Angle.     The  Safe  Load  for  Angles 

Ml'                                     -i  can  he  assumed  35  proportional  to  tlicir  area  or  weight. 

^^^B 

TABL5:  $i. ^Continued 

Safe  Loads,  in  To^ts,  for  Unequal  Leg  Angles 

American  Bridge  Company  Standards 


S 

So* 

1^ 

Le?^GTit  OF  SiPAit  IK  Tsxr 

t 

a 

3     1 

4 

s 

6 

7 

i 

9 

to 

n 

u 

1 

1 

irxii" 

i" 

960 

.§07 

480 

.320 
.169 

.240 
.137 

,192 

,tot 

.160 
.084 

,137 

.072 

,T20 

*o63 

,107 

.056 

.051 

.046 

mi 

i 

,501 
.277 

.251 

-167 
.092 

.125 

.069 

.100 
■OS  5 

.083 
.046 

.071 
,040 

.063 

.056 
.031 

.050 
.02R 

,0:5 

ii"xii" 

i 

.907 
411 

4SJ 
.20i; 

^302 
^137 

.227 
.105 

,181 
.082 

,151 
.068 

,129 
.059 

.113 

.O^T 

.101 

.046 

.091 
.041 

i 

496 
.229 

,248 

■Hi; 

.165' 
^076 

,124 

■099 
.046 

,083 
.03  S 

.071 
.033 

.062 

.029 

.025 

,050 

.023 

il"Xii" 

A 

.603 

426 
-301 

.284 

,213 

.171 

A20 

.142 
,100 

.122 

,oS6 

.107 
.075 

^095 
.067 

.060 1.055 

ft 

■53J 
.189 

.267 
^19^ 

.178 
.129 

.097 

.107 
.078 

.089 

.07^ 
.056 

,067 

-049 

.043 

.0531.04S 
.05Q  ,0^; 

I J  "XI" 

i 
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TABLE  32.— ConUnued, 
Moments  of  Inertia  of  Four  Angles  with  Equal  Legs,  Axis  X-X. 
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TABLE  32.— Continued, 
Moments  of  Inertia  of  Four  Angles  with  Equal  Legs,  Axis  X-X. 
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166 

I9S      223      249 

27s  1  300 

38:  i 

1808 

20SS 

2351 

261 1 

2862,  3111  mr\M 

10 

143 

I7S 

206      236      264 

191      317 

3oi 

2049 

2364    2666 

2961  3247  3S3°  m  1 

3013    3303    3591  im  1 

10 

151     i8s 

217      249 

278 

307 

33S 

301 

2085 

2406   2713 

II 

IS9     194 

229      262 

293 

324 

3S3 

3ii; 

2344 

:270s    3051 

3389    3716'  404a  4JS^| 

iti 

167    104 

241      276 

309 

341 

371 

3^ 

2382 

2749    3101    3445    3777;  m  4^  1 
3068    3462    3846   4^18    4S8S  49<J  1 
31*5    3515  13905,4283,  4^59  l^^  1 

tl 

175      3IS 

2SJ 

290      324 

358 

3yi 

34: 
34J 

2658 

n 

184 1 225 

265 

304      341 

376 

410 

2699 

1    '^ 

igj      236 

278 

319      3S7 

39S 

430 

j6\ 

2992 

34S5    3898 

4332,4751     51^  5f* 
4395    4820    sm  S^ 

12 

201       247 

291      334     374 

4H 

+51 

36  f 

3035 

3S04.39SS 

12 

211      2S9 

305      3  so     392 

431 

472 

38:: 

3346 

3S64 

4361 

4847  S3 17, 57^5  5;  J 

4913  1  S390    5^  ^^ 

12 

220      270 

318      366 

409 

453 

494 

38, 

3393 

39t7 

4421 

U 

230      282 

332     382 

428 

473 

S16 

40:: 

-3720 

4296 

4850 

S390   5914    6435  ^P 

11 

240      294 

347      398 

446      494 

S39 

40i 

3768 

43  52 

4912 

5460   5991     6^19  ^J 

n 

250      307       361       415 

46s 

5^5  :  S^^ 

4^ 

41 14 

4751 

5364  '  5963 

^543 1 71^  2; 

6624    7209  OT 

i3i 

260      319       376       432 

485 

536 

SHs 

4164 

4810 

543016037 

H 

270  !  332      391   1  4SO 

S^S 

S58 

610 

44: 
44: 

45^7 

5229 

5905    656s 

7204  7840  m : 

H 

281     34S 

407      468 

525 

S8i 

634 

4580 

5291 

5974 

6642  1  7^89    7933  ^If 

14: 

292     3S9 

423   1  486 

S46 

604 

659 

46; 

4961 

5730 

6472 

Hi 

303 

372 

439     505 

S67 

627 

685 

464 

S0i6 

S79S 

6S44 

IS 

314 

^m 

4S6 

5^4 

588 

651 

711 

48i 

48  ir 

S4I4 

62S4 

7064 

7855   8621    9384  J0"5 

15^ 

326    40 t 

47^ 

S43 

610 

67s 

738 

S472 

6322 

7140 

7939   8714    9486  iW! 

1  ^^ 

33S     41S 

490 

S63 

632 

700 

76s 

50* 

5887   6801 

7^3 

8543    9377  10^"*^ 

IS 

350     +30 

S07      583 

6s5 

725 

1  79^ 

5948 1 6871  i  7762 ;  8631 ;  947S  mn «""  ] 

Moment  of  Inertia  of  Net  Area  =  Tabubr  Vjtluc  X  Net  Area  -^  Gr^sa  At^a  (approx.), 
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TABLE  S3,— Continued. 

MoMEKTs  OF  Inertia  of  Folr  Angles  vnrn  Unequal  Legs,  Axis  X-X. 

Long  Legs  Turked  Out. 


=i]r" 


Mamenu  of  Inertta 

of  Four  Aiurla. 

Axis  X-X. 

Ijong  Lcs:»  Turned  Out- 


For  Di&tanoes 

M  ensured 

from 

Back  to  Back. 


=J]IU„.i 


5"  X  3".  LoDg  teg*  Turned  Out. 


I" 


4" 


I" 


U^'      Thick,       I 


l*j   9j6i>  ]   tt.44      Jj^4      15,00      16,72      18.44      «>."    Art»4l»    1*44]     13.34        *5'Ot>        ^6,73        18.44 


A" 


t" 


I"  U" 


liomenta  of  Inertia  About  AxU  X-X  for  Vmrious  Distance*  Back  to  Back  of  Angln,  lb  A 


104 

114 

123 

132 

114 

125 

ns 

HS 

154 

136 

147 

158 

M4 

148 

i'>9 

171 

145 

160 

173 

186 

157 

t73 

187 

201 

169 

186 

201 

217 

iHi 

200 

216 

233 

194 

214 

232 

250 

207 

229 

H» 

267 

221 

244 

26s 

286 

236 

260 

282 

304 

250 

276 

300 

334 

265 

293 

3 18 

344 

28t 

310 

337 

365 

297 

328 

357 

386 

314 

34^ 

377 

408 

331 

366 

398 

431 

349 

38s 

420 

454 

$^7 

405 

442 

478 

3»5 

426 

464 

502 

404 

447 

4t*7 

5^7 

4^4 

469 

511 

553 

444 

491 

53  ^ 

^^79 

464 

513 

560 

606 

485 

537 

585 

634 

506 

560 

611 

662 

528 

58s 

658 

691 

550 

609 

665 

721 

573 

634 

693 

75 1 

596 

660 

721 

782 

620 

687 

750 

813 

644 

713 

779 

84^ 

668 

741 

809 

878 

694 

769 

840 

911 

719 

797 

871 

945 

745 

826 

903 

979 

772 

«5S 

935 

toi5 

799 

885 

968 

1050 

826 

916 

1002 

1087 

«54 

947 

1056 

1124 

882 

978 

1070 

1162 

m 
m 
20} 

20i 

22i: 

22ii 
24 

Hi 
26i 
26. 
28!. 
28-; 

301: 
301 

32;: 
32- 

34V 

34- 

36: 

3^' 

38i 

38 

40; 

40J 

42i 

42j, 

44I; 

44J 

46; 
4^ 
48 

48- 

50'; 
50, 
52:: 

S2:f 

54^ 

54 
56: 
56I 


820 

942 

1062 

845 

970 

1094 

1024 

1178 

1329 

1052 

1209 

1364 

1251 

1440 

1625 

1282 

M75 

1664 

isot 

1728 

1951 

i534 

1766 

1994 

1774 

2043 

2307 

1810 

2085 

2354 

2070 

2385 

2694 

2109 

2429 

2744 

2389 

2753 

3110 

2430 

2801 

5164 

2730 

3147 

355^ 

2774 

3198 

3614 

3094 

3568 

4032 

3142 

3623 

4094 

3482 

4016 

4539 

3532 

4073 

4604 

3892 

4489 

5075 

3945 

4551 

5>44| 

4325 

4990 

5641 

43«i 

5054 

5714 

4781 

5517 

6237 

4839 

5584 

6314 

5259 

6070 

6864, 

5321 

6141 

6944 

5761 

6650 

7520 

5825 

6724 

7604 

6286 

7256 

8206 

6353 

7334, 

8294 

6833 

7889 

8922, 

6903 

7970 

9014 

7403 

8548 

9668 

7476 

8632 

9764 

7996 

9234 

10445 

8072 

9321 

10544 

8612 

9946 

11251 

8691 

10037 

^354 

Mamcftl  of  Inertia  of  Xet  Area  =  Tabular  Value  X  Net  Area  4-  Gross  Area  (approx.)* 
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TABLE  33.^  Continued. 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Long  Legs  Turned  Out. 


"^iir-T 

Momenta  of  Inertia 

^   ;              For  Distance.         |  | 

of  Four  AnjrleB.             Jl 
.             Axis  X-X, 

-   -^  i 

Measured            ■ 

from              1 

Long  Legs  Turned  Out. 

1             Back  to  Back.         1  | 

JB^ i 

1 

Size.  1                             5"  X  3J"»  Long  Legs  Turned  Out.                          |  | 

Thick.  ,  iV' 

1' 

iV 

i" 

A" 

1" 

ii" 

r' 

Thick. 

1" 

ft" 

1" 

ft" 

1" 

\l" 

* 

Area  4  [s  zo.24 

X3.30 

X4.12 

x6,oo 

17.88 

19.68 

21.48 

23.24 

Area4Ls 

Z2.20 

X4.ia 

z6.oo 

17.88 

19.68 

21.48 

^ 

d" 

Moments  of  Inertia  About  Axis  X-X  for  Various  Distances  Back  to  Back  of  Angles,  In.*.        | 

7i 

98  IIS  131  145 

100 

i7f 

187 

198 

7i 

los  24  14-  157 

173 

188 

202 

214 

8 

115   33  152'  169 

186 

1Q2 

218 

231 

20} 

1060:  I22I 

1375 

1530 

1676  1821.  19571  1 

8i 

121  143   163 

182 

200 

217 

23s 

249 

20J 

1088 

1254 

1412 

I57I 

1721'  1871  2011  1 

8} 

130  153   175 

195 

115 

233 

252 

268 

22i 

1298 

1497 

1686 

1876  2057  2236  24051 

8* 

139  163   187 

^08 

230 

249 

270 

287 

22i 

13301  1533 

1727 

1922 

2107 

2291  24t>4 

9 

148  174   200 

122 

246 

267 

288 

307 

24i 

1561   1800 

2029 

2259 

2477 

2694  2899 

9l 

158  186   213 

237 

262 

384 

308 

328 

24i 

1595  1840 

2074 

2309 

2532 

2754'  ^ 

9i 

167  197   226 

251 

279 

J<^} 

328 

349 

26i 

1848  2132 

2404 

2677  2937 

3  "94  3439 

9l 

178  209   240 

268 

^96 

322 

348 

371 

26i 

1886  1  2175 

2453 

2732;  2997 

3260'  3510 

10 

igg  222   254 

384 

314 

341 

370 

394 

28} 

2159  2492 

2810 

3131 

3435 

3738,  ¥^ 

10} 

199  Z3S  269 

300 

333 

362 

392 

418 

28i 

2200 1  2539  2864 

3190 

3501 

3809 

4101 

lOi 

210  248   284 

31S 

351 

382 

414 

442 

30} 

2495  '  2880 

3249 

3621 

3974'  4325 

4659 

lOj 

221  261   300 

J35:  371 

404 

438 

467 

30i 

2539  2930 

3306 

3684 

4044  4401;  474< 

II 

233  175  3i<5 

353;  391 

426 

462 

493 

321 

2856  3296 

3720 

4146 

4551  4954  5339 

''\ 

24s  290  332 

372i  41^ 

449 

486 

519 

32J  : 2902 1  3350 

3781 

4214 

4626  5036  5427 

"5 

25S  304  349 

391  433 

472 

512 

547 

34i  ,3240  3741 

4223 

4707 

5168  5627  6065 

Hi 

270  3^0  3t*7|  +1^  455 

496 

538 

574 

34i 

3290  3798 

4288 

4780 

52481  5714^  6l3q 

12 

284  33   385  43 1|  477 

520 

564 

603 

36i 

3649  1  4214 

4758 

5304 

5825  6342,  6S3S 

12} 

297  3SI  403  451  5^ 

546 

592 

633 

36i   3702  1  4275 

4827 

5381 

59091  6435'  693S 

122 

311  367  422  472!  524 

57* 

620 

663 

38J  1 4083  471S 

5325 

5937  6520;  7101  7^57 

12I 

jiS   B4  441  494|  S48i  S9B 

648 

694 

38J 

4139  1  4779 

5398 

6oi9|  6610  7199  77^3 

13 

339  401  460  siS 

573I  625 

678 

725 

40} 

4541  5244 

5924 

66o6i  7255'  7902  85:3 

13I 

354  418  481  539 

59S 

652 

708 

758 

405 

4600  5312 

6001 

6692'  7350  8005  8634 

I3i 

3(19  4^6  501  562;  62^ 

681 

738  1  791 

42: 

5023  5802 

6555 

7310]  8030  8747'  94?) 

i3i 

3S4  454  S2i  586^  6so 

709 

770   824 

42;. 

5085  ,  5873 

6636 

7400|  8129  8855:  955- 

14 

399  473  543  610  677 

739 

802   859 

44i 

5530  6388 

7217 

8050  8843  9634 10393 

Hi 

41s  49i  5^^S\   634  70A 

769,  835  !  894 

44i  [5595  6463 

7303 

8145I  8948  9748  10517 

I4i 

43^  5    5^7  659  732 

800  868   930 

46}  1 6061  7002 

7912 

8826  961)7  1056411399 

I4i 

448  53   610^  685^  761 

831,  902,  967 

46^   6129  7080!  8001 

,  8925;  9806  106S3  115:7 

IS 

4^S  55   633 

711  790 

863  93  8  1004 

48}  ;  6616  7644 

8639 

'  9637I105891I1537  12450 

15 

482  S7   ^57 

738,  3i9 

895  972  ,  1042 

48} 

1 6687  7726 

8732 

974i,i0703jii662  125S5 

15 

500  592 

6^1 

765'  849 

929' 1008  108 1 

50.: 

7196  1  8315 

9398 

10485' 1 1521  125541354? 

iSi 

518  613 

705 

•  792  880 

9ij2  1045  1 121 

5oi   7270  8400;  9495 

10593  1 1640  126S4  I36.<S 

16 

536  635 

7^0  820'  912'  997',  1082  1  1 161 

52}  7800  9013  10189 

1 1368  12492  1 361 3  1460* 

I6J 

SS4  657 

756 

849  943  032 

1 120  1  1202 

52^  17878  9103 

12090 

11481  12616  13748  i4Si9 

16 

573  679 

781 

878  rijf>     rvW 

II 59!  1244 

54}  8429  9740 

11012 

12287,13503  14715  158^4 

i6i 

592  702  SoB^  908  1009  1104^  1199  1286 

54i 

8509  9833 

11117 

12404  13632  14856  16035 

18 

'^^t;  821  945  1063  1 182  1294'  1406  15 10 

56} 

9082 '10496' 1 1 867 

13241145531586017121 

18} 

7-4  846 

974  1096  1219  1334:  1449 

1556 

56 

9165  ,10592  1 1976 

13363]  14687  1600617279 

iSi 

7^-  872 

1004  1129,12561 1374  1493 

1604 

58 

9759  11279:12754 

14232  15642  17048  1840.; 

18J 

757  897 

1033  1163  1293  141S  1538 

1652 

58i 

9846  1 1379  12867 

j  14358  15781  17199  18569 

M 

omcnt  of  Inertia  of  Net  Area  =  Tabular  V. 

due  X  Net  Area  4-  Gross 

Area  (approx.). 

7^ 


■ 

TABLE  ll.—  Cimiiniud. 

■ 

■ 

^ 

MOITEKTS  OF 

Inebtu 

.  OF  Four  Angles  with  Unequal  Legs»  Axis  X-X. 

^ 

Long 

\   Legs  Turned  Out, 

1 

=^5= T 

1 

Mommtf  f>f  Tnertlft 
of  Four  Angle*, 

Long  Leg)  Tumeii  Oat. 

1 

for  DbtajiCM 

Mea»ure<l 

from 

Back  to  Bade. 

n 

=I1[L=-„1 

6"  X  4"*  toag  Lep.  Tuniea  Ooi. 

1" 

iV 

i"  I 

v." 

1"    1    \r       1" 

11"  j 

i" 

11" 

i" 

•4-44 

,6?i 

19^0  1 

ai-a4 

^^.+4  1   45-60  1   37.76 

^M 

31  ^a 

34.<» 

36.00 

&[oni«iU 

of  loeitui  AboDi  Axis  X^X  for  Vfttioas  DistAncM 

Back  to  Bnrk  o(  Angles,  1n>. 

178 

173 

408 

203 

3U 

% 

490 

227 

3S0 

526 
S5« 

251 
387 
409 
583 

6[i 

273 
423 
448 
639 
669 

293 
455 

482 

689 
722 

489 
5'7 
741 
777 

333 
521 

552 
791 

829 

352 

551 
583 
839 
879 

615 

886 
929 

642 
927 
972 

572 
791 

658 

684 

881 
911 

740 

770 

9^2 

1027 

822 

855 

1101 

1141 

901 

937 
1210 
1252 

974 
1013 
13 10 
1356 

1049 
1092 

1413 
1462 

tI22 
1 167 
1512 
1564 

1 190 
1238  ' 
1605 
1662 

1259 
1310 

1700 
1760 

1320 

1374 
1784 
1848 

987 
1017 
1238 
1171 

IM7 
n7i 
1427 
1465 

1282 

t52I 

i6tt 
1^54 

1426 
1470 
1792 
1841 

1614 

1969 
2023 

1698 
1750 
2136 
2195 

1831 
1888 
2306 
2369 

1961 

2022 
2471 
2539 

2084 
2149 
2627 
2700 

2209 
2277 
27R6 
2863 

2321 

2393 
2930 
3011 

1518 

tttn 

1750 

1793 
2107 

*«54 

«977 
2025 
2381 
2434 

3201 

2255 

2652 
2711 

2419 
2478 
2916 
2981 

2626 
2691 
3167 
3238 

2836 
2906 
3421 
3498 

3040 

3669 
3752 

3234 
3315 
3905 
3993 

3431 

3516 
4«44 
4238 

3^11 
3701 

43*^3 
4463 

'  3164 
1530 

«578 

i4«?7 

2548 

2Q20 
2976 

2823 

2881 

3303 
3366 

3145 

3210 
3681 

3751 

3459 
3530 
4050 
4127 

3759 
3837 
4402 
4486 

4062 
4146 

4759 
4850 

4358 
4448 
5106 
5204 

4639 
4736 
5438 
5542 

4925 
5027 

5775 
5885 

5188 
5296 
6085 
6202 

3935 

)S49 
MO* 

3377 
3437 
3868 
3931 

3821 
3889 
4-<77 
44SO 

4259 
4335 
4880 
4961 

4687 
4770 

5460 

5097 
5187 
5842 
5939 

5609 

6318 
6423 

5914 
6020 
6782 

6895 

6300 
6412 
7226 
7346 

6692 
6810 

7677 
7804 

7054 
7180 
8094 
B230 

till 

4391 

4459 
4949 
5021 

4971 
5048 
5604 
5685 

5544 
5629 
6249 
6341 

6103 
6197 
6880 
6981 

6639 
6743 
7488 
7597 

7181 
7293 
8roo 
8219 

7710 
7830 
8698 
8825 

8216 

8344 
9269 
9406 

8730 
8865  1 
9851 
9995 

9207 

9351 
10392 

10545 

479S 
4861 

5334 
54<H 

5616 

6164 
6244 

6274 
6160 
fi082 
7073 

6998 

7094 
77R8 
7890 

7705 
78H 

8387 
8503 

9337 
9460 

9074 
9200 
10104 
10236 

9745 
9880 
10852 
10995 

10387 
10531 
11568 
11720 

11040 
11192 

12297 
12458 

11649 
ii8n 
12978 
13149 

5W 
<^577 

6821 

6906 

7<ioi 

7728 
7824 
8512 
8615 

8622 
8729 
9497 
9610 

9495 

9^.13 
10461 
10585 

10339 

10468 
11392 
11527 

11189 

1132« 

12329 
12476 

12019 
12169 
13245 
13403 

12813 
12974 
14122 
14291 

13622 
'3791 
15015 

15193 

"4378 

14558 
15851 
16040 

71*7 
7307 
77«7 
7te6 

8237 

8310 

1  899s 

9092 

9334 
9440 
10194 

10305 

10416 
1053. 1 
11376 
IU99 

"473 
U603 

12668 

12496 
12638 
13651 
13800 

13526 
13679  ' 
H777 
H938 

H532 
14697 
15878 
16050 

15495 
15671 
16932 
17116 

16476 
16662 
18005 
18199 

17396 
"7594 
19013 
19220 

( 

J 

urn  I  of 

IncrtJt  f 

f  Net  A 

'ca  -  1l2 

bular  Value  X  N"ct  Area 
77 

-r  Gross 

Area  (a] 

3prox.), 

-J 

TABLE  33,— Continued. 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Long  Legs  Turned  Out. 


r 

1 

1 

^0^'" 

Moments  of  Inertia 

of  Four  Ane-les, 

Axis  X-X. 

Long  Legs  Turned  Out. 

^     . 

X 

1 

• 
1 

For  Distances 

Measured 

from 

Back  to  Back. 

=flO 

1 

i 

Size. 

6' 

'  X  4",  Long  Legs  Turned  Out 

Thick. 

1" 

A" 

J" 

ft" 

1" 

U" 

J" 

«" 

1" 

H" 

1^ 

Area  4  [s 

1444 

16.72 

Z9.00 

ai.24 

2344 

25.60 

27.76 

29.88 

3»-9a 

34-a> 

36-00 

d" 

Moments 

of  Inertia 

About  Ax 

it  X-X  fo 

r  Various 

Distances 

Back  to  Back  of  Angles,  In.*. 

52i 

8466 
8553 
9179 
9270 

9786 

9887 

10611 

107 1 6 

IIO93 
II 207 
12029 
I2148 

12379 
12508 

13425 

I3SS9 

13639 
13780 
14792 
14939 

14858 
I5OI2 
161 16 
16277 

16085 
16252 

17447 
17622 

17284 

17464 
18749 
18937 

18433 
18625 

19997 
20197 

19602   20701 
19805   20917 
21267   22462 
21478   22687 

54i 

It 

S6i 

9921 
IOOI5 
I069I 
10789 

1 1469 

1 1 579 
12361 

1 2475 

13003 
I3127 
I4OI5 
I4144 

14513 
14652 

15644 
15788 

15992 

1614s 
17238 

17397 

17425 
17592 
18785 
18958 

18866 
19047 
20339 
20527 

2027S 
20470 
21860 
22062 

21626 
21833 
23318 
23533 

23000   24295 
23220   24529 
24801   26200 
25029  1  26443 

S8i 

&i 

6oi 

II49I 

II 593 
12319 
12425 

13286 
13404 
14244 
14367 

15065 
I5199 
16153 
16292 

16817 
16967 
18032 
18187 

18697 
19873 
20043 

20196 
20376 
21659 
21845 

21869 
22064 

23453 
23655 

23505 

23715 
25209 

25427 

25074 
25297 

26894 
27125 

26669 
26907 
28606 
28852 

28176 
28429 
30225 
30486 

62} 
62i 

64i 
64i 

13 176 
13286 
14063 
14175 

15236 

15363 
16262 
16392 

17279 

17423 
18443 
18592 

19291 

1945 1 
20591 

20757 

21260 
21437 
22694 
22877 

23172 
23365 
24737 
24937 

25094 
25303 
26790 
27006 

26974 
27199 

28798 
29030 

28778 
29017 
30725 
30972 

3061I  1  32346 
30866   32616 

32684  3453? 
32947  34818 

66i 
665 
68i 
68i 

14978 
15094 
15922 
16042 

17321 
17455 
18413 
18552 

19646 

197^)<; 
20886 
21043 

21934 
22105 
23320 
23496 

24175 
24364 

25703 
25898 

26353 
26559 
28021 
28233 

28541 
28764 
30348 
30578 

30682 
30922 
32625 
32873 

32736 
32991 
348 II 
35074 

34825  :  36803 
35097   37092 
37034  39UO 
37314  39437 

70i 
7o| 
72I 

16894 
1 701 8 
17896 
18023 

19539 
19682 
20698 
20845 

22164 
22126 
23480 
23647 

24747 
24929 
26218 
26405 

27278 
27478 
28900 
29106 

29739 
29958 
31509 
31734 

32210 

32447 
34128 
34372 

34629 

36955 

36950 
37221 

39153 
39432 

393 1 1  '   41549 
39^00  41855 
41656  44050 
41953   44345 

74^ 
76J 
78i 
8oi 

19057 
201 2 1 
21212 
22333 

22042 
23272 
24536 
25833 

25006 
26403 
27838 
29311 

27923 
29484 
31087 
32733 

30781 
32502 
34270 
36086 

33561 
35440 
37370 
39350 

36352 
38388 
40480 
42627 

39086 
41276 
43526 
45836 

41707 
44045 
46447 
48914 

44375  46907 
46864  49540 
49422  5224b 
52047  55024 

82. J 
«4 

86: 

8SJ 

23483 
24662 
25869 
27105 

27164 
28528 
29^^25 
31356 

30822 
32370 
33957 
35582 

34421 
36151 
37925 
39740 

37948 
39857 
41812 

43815 

41383 
43466 
45600 
47786 

44829 
47087 
49401 
51770 

48205 
50634 
53123 
55672 

51444 

56695 
59417 

54741   57S74 
57502  60795 
60332  637S9 
63229  66855 

905 

94i 
96i 

28371 
29665 
30988 
32340 

32821 
34318 
35850 
37414 

37245 
38946 
40685 
42462 

41598 
43499 
45442 
47427 

45865 
47961 
50105 
52295 

50023 

523  1 1 
54651 
57041 

54194 
56674 
59210 
61801 

58281 
60949 
63677 
66465 

62202 

67964 
70941 

66195  69995 
69228   7U02 

72330    76484 

75499  7983S 

98* 
100 

I02i 

104; 

Mc 

33720 
35130 
36569 
38036 

39012 
40644 
43309 
44007 

44277 
46129 
48020 
49949 

49455 
51526 

53639 
55794 

54532 
56816 

59147 
61524 

59483 
61976 
64520 
671 15 

64448 
67150 
69908 
72721 

69312 

72220 

75187 
78214 

73982 
77086 
80254 
83487 

78736  83264 
82402  87761 
8541S  90331 
88857  93973 

)mcnt  of  Inertia  c 

)f  Net  Ai 

Ta  =  Ta 

bular  Vc 

ilue  X  N 

et  Area 

-5-  Gross 

Area  (a] 

pprox.). 

1% 


■ 

p 

TABLE  ^3.— 

Continued 

^ 

^ 

^F        Moments  of  Inertia  of  FoirR  Angles 

WITH    U 

NEQUAL 

Legs.  Axis  X-X. 

^1 

Long  Legs  Turned  Ol 

T. 

c 

'•■7 

"11^ 

Men.. 

■  rti* 

^_.    .. 

For  Ditt«nc«s 
Measured 

Look  Leji 

lurncd  Out. 

\ 

Bftck  to  Back. 

Ji!=...i 

Sm 

8''  X  6",  Long  htgt  Tumed  Oui. 

nick. 

A" 

r 

A" 

1" 

ir 

r 

\r    ,     r 

U" 

1" 

!    A«4lt 

«$.7» 

3o,a4 

33.44 

36**0 

39.76 

4^.8« 

4SS>a 

49,00 

5»»oo 

d'* 
12 

Hi 
U 

4 

1 

kf  oiaeDU  0 

f  Inmia  A 

Lbout  Axia  X-X  for 

VarioiM  Dli 

iaace«  Bari 

L  to  Back  of  Angle*.  In 

K^                      1 

6*4 

841 

875 

"34 

U74 

704 

9SO 
989 
1283 
1328 

778 

1053 
1096 
1423 

H74 

853 
1156 

1203 
1564 
1620 

926 
1256 
1308 
1701 
1762 

997 
1354 
1410 

1837 
1902 

1062 
1445 

1505 
1963 
2033 

1128 
1536 

1600 
2089 
2164 

1 193 
1627 

169s 
2214 

2295 

1255 
1714      1 
1786 

2335 
2420 

20| 

20i 

t474 
1520 
t86a 
1914 

1669 
1721 
2109 
2168 

1854 
1912 
2346 
Hit 

2039 
2103 
2581 
2654 

2220 
2290 

2dt2 
2891 

2398 
2474 
3040 
3125 

2566 
2647 
3255 

3347 

2733 
2820 

3469 
3568 

2900 

2993 
3683 
3788 

3061 
3159 
3890 
4001 

23| 
22 

H 

2297 
2780 

2844 

2604 
2669 
3152 
3224 

2898 
2971 
3510 
3591 

3190 
3271 
3866 

3955 

3477 
3565 
4215 
4312 

'      37^1 
3856 
4561 
4667 

4030 

4133 
4890 
5004 

4297 
4407 
5217 
5338 

45^5 

4682 

5545 
5674 

4823 

4947 
5861 

5998 

5SIO 
JS80 

3888 
3963 

3754 
3«33 
4411 
4497 

4»83 
4271 
4916 
5012 

4609 
4706 

5418 
5SH 

5026 

5133 
S9U 
6027 

5441 
5iS6 
6400 
6526 

5837 
5961 
6869 
7004 

6228 
6361 

7332 
7476 

6622 

7951 

7002 
7152 
8248 
8411 

1* 

4sn 
4594 
5185 

5»73 

5121 

5^14 

58^5 
5985 

5710 
5»U 
6564 

667s 

6295 

6409 
7238 
7361 

6869 

^4 

7900 

8034 

7439 

8558 
8703 

7987 
8133 
9190 
9347 

8527 
8683 

9814 
9982 

9071 

9237 
10443 
10621 

9597 

9773 

11050 

11239 

ni 

5905 
}999 
667i 

6m 

6704 
6810 

7576 
7689 

7479 
759« 
8454 
8580 

8248 

8379 
9326 

94^5 

9004 

9147 
10181 

10334 

9756 

c>9it 

1 1033 

11198 

10480 
10647 
11855 
12033 

11193 
11372 
12664 
12854 

11912 
1210^ 
13480 
13682 

12608 
12810 
14269    , 
14484 

4Pi 

7487 
7593 
8349 
8461 

8503 
8622 

9483 
9609 

9490 

9624 

10586 

10727 

10470 
10617 
11680 
11836 

1 1432 
11594 
12756 
12927 

12390 
1256s 

13827 
14012 

13316 

13505 
14863 
15062 

14227 
14428 
I5881 
16094 

15360 
16909 

I7i3<^ 

1603J; 
16263 

17904 
18145 

■_ 

91S9 
9176 
10216 
10139 

10517 
to^>50 
n6o6 
11746 

JJ743 
IT  892 
12960 
13116 

12958 
13123 
14303 
14476 

14153 
14333 
15623 
15812 

15342 
15538 
T6937 

17143 

16495 
16705 
18213 
18434 

17627 

17852 
19466 
19702 

18770 
19010 
20730 
20981 

19877 
20131 

21955 
22222 

Vi 

11221 

II3SO 

12273 

13406 

12748 
12895 

15944 

14098 

1423S 
14402 
15576 
IS747 

157U 

1^89^ 
17193 
17382 

17167 
17365 
18783 

18990 

18612 
1R828 
20367 
20593 

20017 
20249 
21907    1 
22149 

21396 
21643 

23417 
23677 

22787 
23051 

24943 
25219 

24136 
244J6 
26422 
26715 

<l37i 
IIS13 

111^ 

I5<95 
I53S5 
16499 

16974 
17153 
18433 
18620 

18738 
18936 
20350 
20556 

20473 
20689 
22236 
22462 

22201 
22437 
24115 
24360 

23882 
24135 

25944 
26207 

25531 

25082 

27737 
28019 

27196 
27485 

^1 

28811 
29117 
31304 
31623 

J 

^Hbom^ 

TlT  of  h, 

cTtia  of  ? 

*J"ct  Area 

-  Tabular  VaUi 
79 

!  X  Net  :^ 

^rca  -^  Gf 

xDss  Area  Upprox.), 

TABLE  S3.— Continued, 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Long  Legs  Turned  Out. 


Momenu  of  Inertia 

of  Four  AuffleB. 

Axit  X-X. 

Long  Legs  Turned  Out. 

2_ 

ForDUtances 

Measured 

from 

Bade  to  Back. 

] 

=110 — " 
..    .  ^  4 

i 

JO i 

Size. 

8". 

K  6",  Long  Legt  Turned  Out. 

Thick. 

A" 

i" 

ft" 

1" 

ir 

1" 

il" 

1" 

it" 

x" 

Area4ts 

23.72 

27.00 

30.24 

33.44 

36.60 

39.76 

4a.88 

45.9a 

49'«> 

52.00 

d" 

1 

foments  0 

f  Inertia  A 

Lbout  Axis 

X-X  for 

Various  Dii 

tances  Back 

to  Back  of  Angles,  In 

4. 

S4i 

56J 

15713 
15866 
16955 
I7II4 

17858 
1 803 1 
19270 
19450 

19953 
20147 
2IS33 
21735 

22029 
22244 

23775 
23998 

24072 
24307 
25982 
26226 

26108 
26364 
28181 
28446 

28091 
28365 

Toi^i 

30034 
30328 
32423 
32728 

31997 
32310 

34545 
34870 

33902 
36948 

S8i 

6oi 
60J 

18244 
18409 
I9581 
1975 1 

20736 
20923 

22257 
22450 

23174 
23383 
24875 

25091 

25588 
25819 
27467 
27707 

27964 
28217 
30020 
30282 

30333 
30608 
32564 
32850 

32642 
32938 
35046 

35353 

34904 
3S22I 

37477 
3780s 

37190 
37528 

39934 
40284 

39409 
39767 

% 

6zl 
62J 

64i 

20965 
2114I 
22396 
22579 

23831 
24032 

26636 
26860 
28458 
28690 

31427 
31684 

32149 
32420 

34351 
34632 

34876 

37266 
37572 

37536 
37853 
401 12 
40440 

40142 
40482 

42899 
43250 

4277s 
43137 

45331 
45715 

661 
66 

68; 

68^ 

23875 
24064 
25402 
25596 

27142 
27356 
28878 
29099 

30340 
30580 
32283 
32530 

33508 
33772 

35655 
35928 

36627 
36916 
38975 
39274 

39737 
40052 
42287 
42612 

42774 
43 1 12 
45521 
45870 

45747 
46  no 
48687 
49061 

48752 
49139 

51888 
52287 

S1670 
52080 
54996 
S54I9 

70- 

72, 
72 

26976 
27176 
28597 
28803 

30669 
30896 
32513 
32747 

34287 

34541 
36351 

36613 

37869 
38150 
40150 
40440 

41397 
41705 
43892 
44209 

44916 
45251 
47625 
47970 

48354 
48714 

51273 
51644 

51719 
52105 

54843 
55240 

55121 
55532 
58453 
58876 

58425 
58861 
61958 
62407 

74i 
76i 
78i 
80J 

30478 
32200 

33969 
35786 

34652 
36611 
38625 
40692 

38745 
40937 
43190 
45503 

42796 
45219 
47709 
50266 

46787 

49437 
52161 

54958 

50768 
53646 
56603 
59640 

54659 
57760 

60947 
64220 

58468 
61787 
65198 
68700 

62318 
65858 

69495 
73231 

66058 
69S1: 
73671 
77653 

82i 

84i 
86i 
88i 

37651 
39562 
41522 
43528 

42813 
44988 
47217 
49500 

47877 
50312 
52806 
55362 

52889 
55800 

61 162 

57828 
60771 
63788 
66878 

62757 
65953 
69228 

72583 

67578 
71022 
74552 
78168 

72295 
75981 
79760 
83630 

77065 

80997 
85026 
89154 

8169Q 
85S70 
9014^ 
9452? 

90: 
92 

96  f 

45583 
47684 
49833 
52030 

51837 
54228 

56674 
59173 

60654 
63390 
66188 

64053 
6701 1 
70036 
73128 

70041 
73277 
76586 
79969 

76017 
79531 
83125 
86798 

81869 
85656 

89529 
93488 

91646 

95791 
100029 

93380 

97704 
102 1 25 
106645 

99005 
I0359» 
1082S2 
113076 

looi 

I02i 
104! 

54274 
56565 
58904 
61290 

61726 

66994 
69709 

69045 
71963 
74942 
77981 

76287 
79512 
82805 
86164 

83425 
86954 
90556 
94231 

90551 

94383 

98294 

102285 

97532 
101662 
105878 
110180 

104358 
108779 
113292 
II 7897 

111263 

"5979 
120792 
125  04 

1 17975 
12:977 
128085 

135294 

IO6J 

io8i 

iioi 

II2i 

Momc 

63724 
66205 

68733 
71309 

72478 
75301 
78178 
81110 

81081 
84241 
87461 
90742 

89590 
93084 

96644 
100270 

97980 
101802 
105697 
109665 

106356 
110506 
I 14736 
119045 

I 14567 
119041 
123600 

128244 

122594 
127382 
132263 
137235 

130714 
135822 
141028 
14633 1 

138608 

144027 

1  149549 

'  155175 

Mit  of  In< 

:rtia  of  ^ 

^et  Area 

=  Tabu 

lar  \  alu< 

;  X  Net  i« 

Irea  -5-  Gr 

x>s8  Area 

(approx.) 

80 


TABLE  34. 

V 

Moments  of  Ihehtia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X, 

1 

Short  Legs  Turned  Out. 

^ 

^jlf?^' *' 

■■ 

Mf^n'-""  -^f    ■'"Tt'lA 

For  Diirtancd 

ol                          X       X   4                   Me»»urcd 

(ton 

Sbun  L  t'  ^  J  M.d  Out.                       !                Back  to  Back. 

JL....„. 

y  X  »H"i  Short  Legs  Out. 

3l''X»4".  Short  Leg*  Out. 

4"  Xi",  Short  Leg.  Out, 

r 

A" 

i" 

iV   i" 

1" 

A'' 

1"  ,  /."  1  4^' 

14 

1" 

tV 

*' 

A" 

HA* 

*l«4|» 

3.*4 

6t48 

7.68 

8.SS   io,<jo 

S.76 

7'»» 

8.^4 

9.7a  1  11.00 

8,36 

99^ 

iM^ 

13-ao 

r 

M(}fnenu  of  tnenia  Aboui  Axit  X-X  for  Variou*  Disuncet  Back  to  Back  of  Anglet,  lft.«. 

SI 

31 

4' 

47 

53 

59 

37 

44 

5» 

58 

65 

7 

40 

48 

S6 

64 

71 

rj 

41 

53 

61 

70 

77 

^ 

47 
51 

L^ 

66 

71 

76 
82 

84 
91 

47 
SI 

il 

67 
72 

76 
82 

84 

92 

8 

55 

67 

78  ' 

89 

98 

55 

67 

78 

89 

99 

g 

72 

84 

95 

106 

60 

7i 

84 

96 

107 

ft 

63 

77 

90 

t02 

>H 

64 

78 

9t 

103 

115 

88 

103 

118 

131 

144 

H 

66 

S3 

96 

110 

122 

69 

83 

97  I 

til 

124 

95 

HI 

127 

141 

155 

» 

7» 

88 

103 

118 

13' 

73 

89 

104 

119 

133 

lOI 

119 

136 

151 

166 

9f 

77 

94 

110 

125 

140 

78 

95 

112 

127 

142 

108 

127 

145 

161 

178 

vi 

%2 

too 

117 

134 

149 

84 

lOI 

119 

136 

152 

115 

135 

IS5  ' 

172 

190 

9l 

87 

107 

124 

142 

158 

89 

108 

127  , 

144 

162 

123 

144 

165  j 

184 

302 

M 

1  ^ 

to 

132 

«5t 

168 

94 

"15 

135 

153 

172 

130 

153 

«75 

195 

215 

IMl 

98 

120 

140 

160 

178 

100 

122 

U3 

163 

182 

138 

162 

186 

207 

229 

iiot 

104 

1^7 

148 

169 

189 

106 

129 

151 

173 

193 

147 

172 

197 

220 

242 

t^ 

109 

134 

156 

179 

200 

112   136 

160 

183 

205 

155 

182 

209 

233 

257 

II 

IIS 

141 

165 

189 

211 

118 

144 

169 

193 

216 

164 

192 

221 

246 

272 

"} 

121 

H9 

174 

IQ9 

222 

125 

152 

179 

204 

228 

173 

203 

233 

260 

287 

^^H 

"1 

itr 

IS6 

i«3 

2tO 

^34 

131 

160 

IK8 

215 

241 

1R2 

214 

245 

274 

303 

m 

III 

IJ4 

164 

192 

220 

246 

138 

i68 

198 

226 

253 

192 

225 

258 

289 

319 

IS 

140 

I7i 

202 

231 

258 

145 

177 

208 

237 

266 

201 

237 

^P 

304 

335 

"t 

147 

iSi 

2tl 

243 

271 

152 

186 

218 

H9 

280 

211 

249 

285 

319 

352 

l'*l 

1S4 

i»9 

222 

Jll 

284 

159 

195 

229 

261 

293 

222 

261 

299 

335 

370 

lii 

161 

198 

2J2 

297 

167 

204 

240 

274 

308 

232 

273 

314 

351 

388 

13 

168 

207 

242 

278 

311 

175 

213 

251 

287 

322 

H3 

286 

329 

368 

406 

■St 

176 

216 

353 

290 

325 

182 

223 

262 

300 

337 

H^ 

299 

344 

385 

42s 

'n 

184 

125 

264 

303 

319 

190 

233 

274 

313 

^^ 

265 

^'1 

359 

402 

444 

ill 

191 

iSS 

275 

316 

355 

199 

243 

286 

317 

367 

277 

326 

375 

420 

464 

^K 

>4 

199 

H4 

287 

329 

368 

207 

253 

298 

341 

383 

289 

340 

391 

438 

484 

fl 

**\ 

ao7 

^54 

299 

343 

m 

216 

264 

3it 

355 

400 

301 

355 

407 

^^l 

505 

H 

215 

266 

310 

357 

399 

224 

^75 

323 

370  ' 

415 

313 

369 

424 

476 

526 

»♦ 

"J 

^75 

3^3 

371 

4' 5 

233 

286 

336 

385  , 

432 

326 

384 

442 

495 

548 

15 

aj^ 

285 

335 

385 

43* 

242 

297 

!!! 

400 

450 

339 

400 

459 

51s 

570 

<sf 

24t 

296 

348 

400 

447 

252 

308 

415 

467 

352 

41s 

477 

535 

592 

<$l 

aso 

307 

361 

415 

464 

261 

320 

377 

431 

485 

366 

431 

495 

556 

61S 

is! 

158  J 18 

374 

430 

481 

271 

332 

391 

447 

503 

379 

447 

514 

577 

639 

i6 

a6a    130 

387 

445 

498 

281 

344 

405 

464 

522 

393 

464 

533 

599 

663 

*<) 

«77 

34» 

401 

46t 

516 

291 

356 

420 

480 

540 

408 

481 

553 

620 

687 

>^ 

187 

353 

4>5 

477 

534 

30t 

3^ 

434 

497 

560 

422 

498 

573 

^f 

712 

t^ 

*97 

365 

429 

493 

SV" 

1  31* 

381 

450 

515 

579 

437 

5»5 

593 

665 

737 

i« 

118 

503 

579 

648 

366 

449 

529 

606 

682 

SH 

607 

699 

785 

!7? 

ik; 

U» 

519 

59^» 

66,> 

377 

463 

546 

625 

704 

531 

626 

721 

8  to 

898 

534 

615 

689 

389 

477 

563 

645 

726 

547 

^f 

^ 

8^6 

926 

550 

633 

710 

401 

492 

580 

664 

748 

564 

666 

862 

955 

k. 

i  -"^^ 

cimcni  ot  iniTib  of  Net  Area  -  T^ibular  Value  X  NVl  Area  -5-  Gros^  \rci  l>p\^TOT..^. 
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TABLE  34.-- Continued. 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Short  Legs  Turned  Out. 


I 


— 1 

IT"'" 

r 

i 

Moments  of  Inertia 

: 

For  Distances 

of  Four  Anjrles. 
Axis  X-X, 

4i 

X             X 

^ 

Measured 
from 

Short  Legs  Turned  Out 

Back 

to  Back. 

A 

Si/c.  I 

5"  X  3".  Short  Legs  Turned  Out. 

Thick. 

A"   1" 

i  iV 

k" 

A" 

I' 

H"   Thick. 

1" 

A" 

J" 

A" 

1"  i  H" 

Area  4  [s 

9.60   11.44 

'3.24 

15.00 

16.7a 

18.44 

ao.za  Area  [4s 

1  11.44 

X3.a4 

15.00 

16.72 

18.44  \  ^M 

d" 

Moments  < 

■if   Inert 

ia  Abou 

t  Axis : 

>C-X  for  Various  Disunc* 

Es  Back  to  Badk  of  Angles, 

In.«. 

loi" 

147 

174 

198 

222 

244 

26s 

286 

22  : 

1046 

1202 

1356 

150S 

1649   179I 

loi 

156 

184 

210 

23s 

259 

281 

303 

22 

1073 

1234 

1392 

1544 

1692   1838 

II 

165 

195 

222 

249 

274 

298 

322 

24 

1273 

1464 

1652 

1835 

201 1   2186 

iii 

174 

206 

235 

263 

290 

315 

340 

24 

1303 

1499 

1692 

1878 

2059   2238 

iii 

184 

217 

248 

278 

307 

333 

360 

26 
26i 

1523 

1753 

1979 

2198 

2410   2620 

II 

194 

229 

261 

293 

323 

352 

380 

1556 

1791 

2022 

2245 

2463,  2678 

12 

204 

241 

275 

309 

341 

371 

401 

28i 

1796 

2068 

2335 

2594 

2847   3950 

12\ 

215 

^^A 

289 

325 

359 

390 

422 

28 

1831 

2109 

2382 

2646 

2904   3158 

12j 

226 

266 

304 

342 

377 

411 

444 

30 

2091 

2409 

2721 

3024 

3320   361I 

I2J 

237 

283 

319 

359 

396 

431 

467 

30: 

2130 

2454 

2772 

3080 

3381 

3678 

13 

248 

293 

335 

376 

416 

453 

490 

32 

2410 

2777 

3137 

3487 

3829 

4166 

i3i 

260;  307 

351 

394 

436 

475 

514 

32; 

2451 

2825 

3192 

3547 

3896'  4239 

I3i 

272  !  321 

367 

413 

456 

497 

538 

34 

2751 

3172 

3584 

3984 

4376   4762 

132- 

284 

336 

384 

432 

477 

520 

563 

34i 

2796 

3223 

3642 

4048 

44471  4839 

14 

297 

351 

401 

451 

499 

544 

589 

36J 

3116 

3593 

4060 

4514 

4960'  5398 

i4i 

310 i  366 

419 

471 

521 

568 

615 

36: 

3163 

3647 

4122 

4583 

5035  5480 

Hh    323 :  382 

437 

492 

544 

593 

642 

38, 

3503 

4040 

4566 

5078 

5580  6074 

i4i 

3361  398 

456 

512 

567 

619 

670 

38i 

3553 

4098 

4632 

5151 

5660  6162 

15 

350'  414 

475 

533 

591 

645 

698 

40} 

3913 

4514 

5102 

5675 

6238  6791 

I51 

364  431 

494 

556 

615 

671 

727 

40i 

3966 

4575 

5172 

5752 

6322  68S3 

I  si  1379     448 

514 

578 

640 

698 

757 

42i 

4346 

5014 

5669 

6305 

6932  7547 

I5t   393  1  467 

534 

601 

665 

726 

787 

42i 

4402 

5079 

5742 

6386 

7021  7645 

16   408  484 

554 

624 

691 

754 

818 

44i 

4802 

5541 

6265 

6969 

7663'  8344 

if>\     424  502 

575 

647 

717 

783 

849 

44i 

4861 

5609 

6342 

7055 

7757  84f7 

i6.\   439  520 

597 

672 

744 

813 

881 

46i 

5281 

6094 

6891 

7667 

8431  91" 

i^i  1455  539 

618 

696 

771 

843 

914 

465 

5342 

6165 

6972 

7756 

8530  9'^ 

17   '472  558 

641 

721 

799 

873 

947 

48} 

5782 

6674 

7547 

8398 

9236  I005q 

I7i  ,488,  578 

663 

747 

827 

904 

981 

48i 

5847 

6748 

7632 

8491 

9339  10172 

i7h      505  598 

686 

775 

856 

93^> 

1015 

50J 

6307 

7280 

8234 

9162 

10078  ,  10977 

17J   522  1  618 

710 

799 

886 

969, 

105 1 

50i 

6374 

7358 

8322 

92  0 

10186  1 1094 

iS   I539  639 

733 

826 

916 

lOOI 

1086 

52} 

6854 

7913 

8950 

9960 

10956  1 1935 

i8i   557  660 

758 

854 

946 

1035 

1 123 

52i 

6924 

7994 

9042 

10062 

1 1069  1:057 

IHJ   575  6S2 

782 

882 

977 

1069 

1160 

54} 

7425 

8572 

9696 

10791 

1 1 872  1:935 

i8f  1  593  1  703 

808 

910 

icx)9 

1 104 

1 198 

54j 

7497 

8657 

9792 

10897 

11989  13060 

20   690'  818 

939 

1059 

1 174 

1285  1 

1395 

56} 

8018 

9258 

10472 

11655 

12824  13971 

2o\      710  841 

967 

ick;o 

1209 

1323 

1437 

56i 

8094 

9346 

10572 

11766 

12946  14104 

2oi   730  866 

995 

II22 

1244 

1362 

1479 

58i 

8634 

9970 

11279 

12553 

13814  15050 

2oi   751  890 

1023 

II54 

1280 

1401  , 

1522 

58i 

8712 

10061 

11382 

12668 

13940  15187 

21    772  915 

1052 

1 186 

1316 

1441 

1565 

6oi 

9273 

10709 

12115 

13485 

14840  16169 

21 1   793  941 

108 1 

I  2  19 

1353 

1482 

1609 

60J 

9354 

10803 

12222 

13603 

14971  16311 

21I   815  966 

nil 

1253 

1390 

1523  ■ 

1654 

62i 

9935 

11474 

1 298 1 

14450 

15903  1732* 

21!  .837  992 

1141 
crtia  c 

1287 

fNct 

1428 
Area  = 

1564: 
=  Tabi 

1699 

62i 

icx)i9 

11571 

13092 

14573  1 

16038  17475 

M( 

Dmcn 

L  of  In 

ilarV 

alue  X 

Net  Are 

a  4-Gi 

x)S8  Are 

a  (appr 

ox.). 

82 


■ 

TABLE  34. 

—  Continued.                                                           ^^^^M 

^P   MOIHENTS  OP 

iKEJtTiA  OF  FoLTR  Angles  with  Unequal  Legs»  Axis  X-X.     ^^^H 

Short  Legs 

Turned  Out* 

■ 

ir'"'T 

^^K      MomeArs  of  Ii 

le«i« 

:               Fift  Distances 

^^H       of  Four  Ang 

^m             A»tt  x-x 

iu. 

a 

:                  froQi 

^H    Shoft  Ugi  Turned  Out. 

;             Bftck  to  Back. 

C=,  i3...._.i. 

: 

5"X  34",  Short  Ug*  Turned  Out, 

r 

tI" 

4" 

A" 

1" 

*r 

1" 

Thick. 

r 

^" 

4" 

ft^' 

r 

19.68 

H" 

r 

ta.jo 

I4.i« 

t6.oo 

tfM 

tq.68 

j*48 

33 '*4 

Ai-ca4li 

(«.>o 

14." 

t6.oo 

.r.88 

at^$ 

33.*4 

I9S 

221 

246 

272 

296 

320 

340 

3^ 

2601  3002 

3388 

3775;  4>43 

4509  4859 

20i 

234 

261 

288 

314 

339 

361 

32 

2646  3054 

3446 

3840  4214 

4587  494i 

tjU_ 

2l6 

l^J 

276 

305 

332 

359 

382 

34 

2967  3426 

3867 

4309,  4731 

5*49|  5550 

,228 

292 

322 

3Si 

380 

405 

34 

30IS  3481 

3929:  4379i  4807 

5^33  5639 

■ 

*40 

375 

308 

340 

371 

401 

428 

36 

3358  3877 

4378J  4880 

5357  5833 

6288 

■ 

aS3 

290 

324 

359 

391 

423 

451 

36 

3409  3936 

4444  4953 

5439|  5921 

6383 

■ 

366 

305 

34* 

378 

412 

445 

475 

38J 

3773  4357 

4920 

5485 

6024  6559 

7072 

1* 

321 

159 

398 

433 

469 

SOI 

381 

3827  4419 

4990 

5564 

6iio  6653 

7173 

n 

R 

337 

377 

418 

456 

493 

526 

40 

4213  4866 

5495 

6127I  6729  7328 

7903 

W 

354 

396 

439 

478 

517 

553 

40 

4270I  4931 

5569 

6210  6820;  7427 

80  to 

P3 

370 

4"S 

460 

502 

543 

580 

42 

4677'  5402 

6102 

6805 

7474  8140 

8780 

3J« 

588 

434 

482 

525 

5691  608 

42 

4737  5471 

6180 

6892 

7570  8245  8893 

353 

406 

4S4 

504 

550 

595'  637 

44 

5165  5967 

6741 

75*8 

8258  899s  9704 

Hi^ 

424 

475 

527 

575 

623   666 

44 

5228 

6039 

6823 

7610 

83591  9*05 

9822 

J86 

46a 

496 

551 

601 

651 

6  6 

46 

5678 

6560 

74*2 

8267 

9082!  9894 

10674 

403 

518 

575 

627 

679 

727 

46 

5744 

6636 

7498 

8363 

9188  10009 

10798 

419 ;  4SJ 

18! 

599 

654 

709 

759 

48 

6215  7181 

8115 

9052 

9945  10835 

11691 

437 

502 

625 

682 

739 

791 

48J 

6285  7260 

8205 

9*52 

10055  10955 

11821 

4S4 

522 

g 

6so 

710 

770 

824 

soi 

6777  7830 

8850 

9872 

10847  11819 

12754 

471 

677 

739 

801 

858 

so* 

6849  7913 

8944 

9977' 10963  11945 

12890 

491 

564 

633 

704 

768 

833 

892 

52i 

7363  8508 

9617 

1072S  1178912846 

13864 

510 

$86 

658 

73  J 

798 

866 

928 

S2i 

7438]  8594 

9715 

10838  1190912977 

14005 

529 

609 

683 

759 

829 

899 

964 

54 

7973  9214 

104 1 5 

11620  12770  139*5 

15020 

1^ 

6$i 

709 

788 

860 

933 

1000 

54 

8052  9304 

10518 

1173412895*4052 

15167 

m 

735 

817 

892 

968 

1038 

56 

8608  9948 

1 1 246 

12548  13790  15028 

16223 

^H 

'S89 

761 

846 

925 

1:03 

1076 

561 

8689  1 004 1 

11352 

12667  1 392 1  15 170 

16376 

■ 

«97 

803 

902 

1003 

1097 

1190 

1277 

58 

9267  107 10 

12109 

13512  14850  16184 

*7472 

7*0 

829 

932 

1036 

"33 

1230 

I^>20 

58 

9352  10807 

12219 

13635  14985  16332 

I7f»3* 

m 

856 

962 

1070 

1170  1270 

t3^3 

60 

9950,11501  13004 

14511  15949  17383 

18768 

883 

992 

1104 

1207 

1311 

1407 

60^ 

10038  11601 

13118 

14639116089  175  3^^^ 

18932 

^ts 

IOS5 

1186 

I3«9 

1445 

1569 

1686 

62 

10658  1211Q 

t393i 

15546  17088  18625 

20110 

*H2 

10S5 

1221 

M57 

i4«7 

t6K 

1735 

62 

10749;  124H 

14049 

15678,17233  18783 

20280 

l*5S 

1309 

1473 

1639 

1796 

1952 

2099 

64 

1139113166 

14890 

16617  18266;  19909 

21498 

Il6s 

tHi 

1511 

1682 

1843 

2003 

^iSJ 

64J 

1148513274 

15012 

16753  1841620073 

21675 

!««. 

1 591 
162S 

1792 

1995 

2187 

2377 

2553? 

66 

I2i4«li4042 

15881 

17724' 19483  21237 

22934 

1834 

1042 

2239 

2434 

2618 

66 

12245  14153 

J  6007 

I78^>4T963S  21406 

23116 

1901 

2143 

2386 

2617 

2846 

3063 

68 

12929,14945 

16904 

i886^j  20739  22608 

24*15 

1942 

2189 

2438 

2674 

2908 

3129 

68 

13029  15060 

17034 

19011  2089922782 

24603, 

2240 

2526 

2813 

3086 

3357 

3615 

70 

137341587717958 

2004422035 '24021 

25943' 

13$4 

2576 

2869 

3148  3424 

3^^7 

7oi 

J  3837' 1 5996 

18093  20194  22200  24201 

26137 

2607 

2941 

3276 

3595 1 39*2 

4214 

72i 

14564,16837 

19045  21258  2337125478  27518 

«6ss 

2995 

3337 

3661  3984 

4291 

72i 

14670I 16959 

1918321412235402566327717 

1 

i 

.  of  Inertia  0 

fNct 

Vrea  ~  Tabular  V. 

alue  X  Net  Area  -S-  Gross  Area  (apprcwt.). 

TABLE  3A.— Continued. 
Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 


Short  Legs  Turned  Out. 

T  1 

Moments  of  Inertia 

For  Distances 

of  Four  Anffies, 
AxU  X-X, 

^        X  4 

Measured 
from 

Short  Leg»  Turned  Out. 

! 

Back  to  Back. 

JL....i 

Size. 

6 

"  X  4".  Short  Legs  Turned  Out. 

Thick. 

1' 

ft" 

i" 

A" 

1" 

H" 

1" 

H" 

1" 

34-00 

iT 

Area4L» 

14.44 

16.72 

X9.00 

21.24 

a3-44 

25.60 

27.76 

.9.88 

31.9a 

fjx 

d" 

Moment] 

of  Inertia 

About  Aji 

is  X-X  for  Various 

Distances 

Back  to  Back  of  Angles.  In.« 

I2r 

322 

370 

414 

459 

502 

541 

581 

619 

65s 

691   72 

Hi 

442 

508 

571 

633 

693 

748 

80s 

858 

911 

962 

IOC 

Hi 

461 

530 

595 

660 

723 

781 

840 

897 

951 

1005 

10; 

i6i 

606 

697 

785 

871 

955 

1033 

III2 

1 188 

1262 

1335 

i4C 

i6J 

629 

723 

814 

904 

991 

1072 

"55 

1235 

I3II 

1386 

U: 

i8i 

799 

920 

1037 

II52 

1264 

1369 

1476 

1578 

1677 

1776 

i8( 

i8i 

82s 

950 

107 1 

1 190 

1306 

1415 

1525 

1632 

1734 

1836 

19: 

20 

102 1 

1177 

1327 

1476 

1620 

1756 

1895 

2028 

2156 

2285 

24< 

20 

105 1 

1211 

1366 

151 

1668 

1808 

195 1 

2089 

2221 

2353 

24 

22i 

1272 

1466 

165s 

1842 

2023 

2195 

2369 

2537 

2699 

2862 

30 

22i 

1305 

1505 

1699 

1890 

2077 

2253 

2432 

2606 

2772 

2939 

30 

24i 

1552 

1790 

2021 

2250 

2473 

2685 

2899 

3107 

3306 

3507 

36 

24J 

1589 

1832 

2070 

2304 

2533 

2749 

2969 

3183 

3387 

3592 

37 

26i 

i860 

2146 

2425 

2701 

2970 

3226 

3485 

3736 

3977 

4220  ;   44 

26i 

1901 

2193 

2479 

2760 

303s 

3297 

3562 

3819 

4066 

4314 

45 

28i 

2198 

2536 

2868 

3195 

3513 

3818 

4126 

4424 

471 1 

5001 

52 

28i 

2242 

2587 

2925 

3259 

3585 

3895 

4210 

4516 

4808 

5103  '  53 

3oi 

2564 

2960 

3348 

3730 

4104 

4461 

4822 

5173 

5510 

5850  1  61 

30} 

2612 

3015 

3410 

3800 

4181 

4545 

4913 

5272 

5614 

5961   6: 

32I 

2959 

3417 

3866 

4309 

4741 

5156 

5574 

5981 

6372 

6767   71 

32.J 

301 1 

3476 

3933 

4384 

4824 

5246 

5672 

6087 

6484 

6886   7: 

34i 

3383 

3907 

4422 

4930 

5425 

5901 

6382 

6849 

7298 

7752 

81 

34i 

3439 

3971 

4494 

5010 

5514 

5998 

6486 

6963 

7418 

7880 

^3 

36I 

3836 

4431 

5016 

5593 

6156 

6698 

7245 

7777 

8288 

8805 

92 

36^ 

3895 

4499 

5093 

5679 

6251 

6801 

7356 

7898 

8416 

8941 

94 

38i 

4318 

4988 

5648 

6299 

6934 

7546 

8163 

8764 

9341 

9926 

104 

38i 

4381 

5060 

5730 

6390 

7035 

7^56 

8282 

8893 

9478 

10071 

I0(J 

40} 

4829 

5579 

6318 

7047 

7759 

8446 

9137 

9812 

10459 

11115 

117 

40i 

4895 

5655 

6405 

7143 

7866 

8562 

9263 

9948 

10603 

1 1268 

!!!• 

42i 

5369 

6203 

7026 

7838 

8631 

9396 

1 01 67 

10919 

1 1640 

12372 

13c 

42J 

5438 

6283 

7118 

7940 

8743 

9519 

10300 

1 1062 

1 1793 

12534 

13- 

44 

5937 

6861 

7773 

8671 

9550 

10398 

11252 

12085 

12885 

13697 

144 

44i 

6010 

6945 

7868 

8778 

9668 

10527 

11392 

12237 

13046 

13867 

14^ 

46} 

6535  i  7552 

8557 

9547 

10515 

11451 

12393 

13312 

14194 

15090  15^ 

46I 

661 1 

7640 

8657 

9659 

10639 

11586 

12539 

13471 

14363 

15269  161 

48i 

7161 

8276 

9379 

10465 

11527 

12555 

13589 

14598 

15567 

1655 1   I7-I 

48i 

7241 

8369 

9484 

10583 

1 1657 

12697 

13742 

14764 

15744 

16738  !  17^ 

5oi 

7816 

9034 

10239 

11426 

12587 

13710 

14841 

15944 

17004 

18080 

19c 

Soh 

7900 

9131 

10349 

II 549 

12722 

13858 

15001 

16118 

17189 

18275 

19.^ 

52i 

8500 

9826 

11137 

12429 

13693 

14917 

16148 

17350 

18505 

19677 

20; 

52i 

^ 

8588 

9927 

U252 

12557 

13834 

15071 

163  IS 

17531 

18697 

1988 1 

20c 

loment 

of  Inerti 

i  of  Net 

Area  = 

Tabular  Value  X 

Net  Arc 

a  -^  Grc 

►ss  Area 

(approx.). 
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^^^                TABLE  i4,—  Contirtutd,                                                  ^^^^B 

H  MOJCEKTS  OF  InEKTIA  OF  FoUR  ANGLES  WllM  UNEQUAL  LeGS,  AXIS  X^X*         ^^^H 

■                  SHOkT  Legs  Turned  Out. 

1 

1             ir'T 

^m          AfomentAof  Inertia                      ,r   I               ^*""  t>Ut«>c«» 
^H      or  Fouf  A»jck«.              ^                 A   ft                 Measured 
■        Axi«X-X.                                           from 
«^      Short  L«g»  Turned  Out.                       j               B*ck  to  BmJc 

1 

&*  X  4'^  Short  Leg*  Turned  Oui. 

r  1  A" 

*" 

A"     1"   1  fl" 

i" 

ir 

i"    !    ir 

9" 

^14.44  ,  i*.?* 

19,00 

ai.a4 

23-H  1  «S*6o 

^7^76 

^M 

3t'9»     1  34-<» 

36^ 

Momcnu  of  IneruA  Aboiu  AjiU  X'-X  for  Variouft  Distaoceft  Bftck  10  Bmck  of  Angles*  \a*. 

9213 

93«H 

9955 

10049 

10650 
10756 
11509 

li6tS 

12073 
12193 
13047 
13172 

t347S 

13608 
14563 
14701 

14846 
14993 
16046 
16199 

16175 
16335 
17484 
17651 

1751 1 
17685 
18929 
191 10 

18816 
19004 
20341 
20S37 

20069 
20269 
21697 
21906 

21342 
21554 
2307s 
23296 

22542 

22767 

24375 
24609 

1072s 
E0S24 

"525 
H627 

12400 
12514 

13441 

14059 
14189 
15110 

15244 

15693 
15337 
16866 
17016 

17292 
17452 
1S586 
18754 

18844 
19016 

20255 
20434 

20403 
20591 
21932 
22127 

21926 
22130 

23571 
23782 

23389 
23606 

25145 
25370 

24876 
25105 
26744 
26983 

26280 
26523 
28256 
28509 

d 

12353 

1*459 
13211 

14284 
14406 
15276 
15402 

16198 
16336 

17324 
17467 

18082 
18237 
19340 
19500 

199^7 
20097 
21314 
21491 

21718 
21903 
23231 
23423 

23517 
23719 
25157 
25366 

25276 

25494 
27040 
27266 

26965 
27197 
28849 
29089 

28681 
28928 
30686 
30942 

30305 
30566 
32426 
32696 

n 

14097 
14210 

I|t28 

16301 
16432 
17360 
I749S 

18488 
1S636 
19690 
19843 

20641 
20806 
21984 
22IS4 

22748 
22931 

242^9 
24418 

24796 

24994 
26412 
26617 

26853 
27069 
28604 
28827 

28C6<; 
29098 
30748 
30989 

30796 
31045 
32807 
33064 

32759 
33023 
34900 
35173 

34619 

36883 
37172 

1 

15956 

16076 

16929 
1705a 

1^453 

I8591 
J9S78 
19721 

20930 
210HH 
22208 
22371 

23369 
23545 
24797 
24978 

2575S 
25952 
27332 
27533 

28080 
28291 
29798 
30016 

30411 
30641 

32274 
32510 

32692 
32940 
34696 

34951 

34882 

35147 
37021 
37294 

37109 
37390 
39386 
39676 

39220 

39517 
41629. 

41935 

1 

I80SS 

19092 

20155 
11247 

20R85 
22082 
23312 
24576 

23692 
25051 
26447 
27882 

26454 
27972 

29533 
31136 

29160 
308^5 
32556 
34325 

31792 
33619 
35498 
37427 

36416 
38452 
40543 

37022 
39152 
41343 
43593 

39505 
41780 
44118 
46520 

42029 

44451 

46940 
49498 

44425 
46987 
49620 
52326 

1 

2236S 

»15"7 
M696 
1S901 

25873 
27203 

28567 
29965 

29355 
30866 

32415 
34002 

32782 
34470 
36201 

37974 

36140 
38002 

39911 

41867 

39408 
41440 
43524 
45658 

42690 
448i>2 
47150 
49464 

45902 
48272 
50701 
53190 

48986 
51516 

56768 

52123 
54817 
57578 
60408 

55104 
57954 
60875 
63869 

4 

27140 

29&>9 
31022 

31396 
32860 

35SS9 

35627 
37290 
3'*990 
40729 

39789 
41647 

45548 
45491 

43869 

45919 
48015 

50159 

47844 
50081 
52369 
54708 

51833 
54258 
56738 

59273 

55739 

61016 
63744 

59489 
62275 

as 

66271 

69304 
72406 

66935 
70073 
73282 

76564 

S«f74 
11755 

5S3 

17454 
39052 
40683 
42348 

42506 
44321 
46174 
48065 

47476 
49504 
51575 
53688 

52349 
545«6 
56^70 
59201 

57099 
59541 

61864 
64511 
67213 
69971 

66531 
69379 
72286 

75253 

71014 
74054 
77159 
80327 

75575 
78812 
82118 
85491 

79918 
83344 
86841 
90411 

t 

49343 

56008 

55843 
58041 
60282 
62564 

61579 
64003 
66475 
68993 

67173 
69820 

72517 
75267 

72784 
75653 
78577 
81557 

78280 
81367 
84513 
87719 

90216 
93639  1 

88933 
92442 
96020 
99665 

94053 

97767 

101553 

105410 

i 

fnfTtfT^t  of  Inertia  of  Net  Area  =  Tabular  Value  X  Net  Area  ^  Gross  Area  (approx.)- 

TABLE  34,-- Continued. 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Short  Legs  Turned  Out. 


T" 

i » 

Moments  of  Inertia 

For  Distances 

of  Four  Ang 
Axis  X-X 

les. 

^.   X  4 

Measured 
from 

Short  Legs  Turned  Out. 

Back  to  Back. 

JL. 

.....i 

Size. 

8" 

X  6",  Short  Lcga  Turned  Out. 

Thick. 

A" 

r 

iV 

1' 

H" 

r 

H" 

1" 

49.00 

I 

Area4L« 

23.73 

37.00 

30.24 

33-44 

36.60 

3976 

42.88 

45-92 

5a 

d" 

Momenta 

of  Inertia 

About  Axi« 

X-X  for  V 

ariout  Disti 

uices  Back 

to  Back  of  An^es.  In.«. 

164" 

955 

1079 

II97 

I314 

1429 

1541 

164s 

1750 

1854 

i8l 

1214 

1373 

1524 

1675 

1822 

1967 

2103 

2238 

2373 

m 

1254 

I418 

1575 

173I 

1883 

2033 

2706 

2314 

2454 

20i 
20j 

1554 

1759 

1955 

2150 

2341 

25  2Q 

2883 

3059 

1600 

1812 

2013 

2215 

241I 

2605 

2788 

2970 

3152 

22} 

1942 

2200 

2447 

2692 

2933 

3170 

3395 

3619 

3842 

22i 

1994 

2259 

2512 

2765 

3012 

3256 

3488 

3717 

3947 

24i 

2377 

2694 

2999 

3301 

35Q8 

3891 

4170 

4447 

4724 

Hi 

2435 

2760 

3072 

3382 

3686 

3987 

4273 

4557 

4841 

26i 

2860 

3243 

3611 

3977 

4336 

4692 

5031 

5366 

5703 

26J 

2924 

3315 

3692 

4066 

4433 

4797 

5144 

5488 

5833 

28i 

28} 

3390 

3845 

4284 

4720 

5 147 

5572 

5977 

6378 

6781 

3460 

3924 

4372 

4818 

5254 

5687 

6101 

6511 

6923 

301 

3968 

4501 

5017 

5530 

6032 

6531 

7009 

7482 

7956 

30J 

4043 

4587 

5113 

5635 

6148 

6636 

7144 

7626 

8110 

321 

4593 

5212 

5811 

6406 

6990 

7570 

8127 

8677 

9230 

32J 

4674 

5304 

5914 

6520 

7115 

7705 

8273 

8833 

9396 

34i 

5265 

5976 

6665 

7349 

8021 

8688 

9331 

9964 

10602 

34^ 

5353 

6075 

6776 

7472 

8155 

8834 

9487 

10131 

10780 

36i 

5985 

6794 

7580 

8360 

9125 

9886 

10620 

11343 

1 207 1 

36J 

6078 

6900 

7698 

8491 

9268 

10042 

10787 

11522 

12262 

38i 

6752 

7667 

8555 

9437 

10303 

1 1164 

11995 

12814 

13639 

38J 

6852 

7780 

8681 

9576 

10455 

11329 

12173 

13004 

13841 

4oi 

7567 

8593 

9591 

10581 

11553 

12521 

13456 

14376 

15304 

40i 

7672 

8713 

9725 

10728 

11715 

12696 

13645 

14578 

15519 

42i 

8429 

9573 

10687 

11791 

12877 

13957 

15003 

1603 1 

17068 

I 

42i 

8540 

9700 

10828 

11948 

13048 

14143 

15202 

16244 

17295 

1  r 

44^ 

9339 

10608 

11844 

13069 

14274 

15473 

16635 

17777 

18929 

44i 

9456 

1074 1 

1 1993 

13234 

14454 

15668 

16845 

18002 

19169 

46I 

10296 

1 1696 

13061 

14414 

15744 

17069 

18354 

19615 

20889 

46i 

10419 

11836 

13217 

14587 

15933 

17274 

18574 

19852 

21 140 

2 

48} 

11301 

12839 

14339 

15825 

172S8 

18744 

20158 

21545 

22946 

1  2 

48:^ 

1 1430 

12985 

14502 

16007 

17486 

18959 

20389 

21793 

23210 

1  2 

SO- 

I23S3 

14035 

15677 

17304 

18904 

20499 

22047 

23567 

25102 

1  ^ 

SO 

12487 

14188 

15848 

17493 

19111 

20734 

22290 

23827 

25378 

1  2 

52:: 

13452 

15285 

17075 

18849 

20504 

22333 

24023 

25681 

27355 

2 

S2i 

13593 

IS445 

17254 

19047 

20810 

22568 

24277 

25952 

27644 

■y 

54i 

14599 

16590 

18534 

20461 

22357 

24246 

26084 

27887 

29707 

3 

S4i 

14746 

16757 

18721 

20667 

22583 

24491 

26349 

28169 

30007 

3 

S6i 

15793 

17948 

20054 

22140 

24193 

26240 

28231 

30184 

32156 

i  3 

S6i 

15946 

18122 

20248 

22355 

24428 

26494 

28506 

30478 

32469 

1  3 

\ 

loment  c 

)f  Inertia 

of  Net . 

/Vrea  =  T 

abular  Va 

luc  X  Nel 

:  Area  -h  ( 

Gross  Are 

a  (approi 

^.). 
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TABLE  34.— 

Continued 

■ 

■ 

■ 

V 

Mo>iE5rrs  of  Inzriia 

OF  Four  Angles 

WITH  U 

N EQUAL 

Lecs»  Axis  X-X. 

^ 

Short  Legs  Turned  Ol 

r. 

1 

^L  MflfBcnts  of  Inertia 
Sbort  Ug»  Turned  Out, 

11     1 
.Y      X     j 

jlJ 

For  Diauincea 

Meuiared 

Trom 

Hack  to  B«ck. 

1 

6''  X  6*\  Sliort  Legs  Otit* 

A" 

i'*    iV 

1' 

W 

r 

H" 

i" 

H'^ 

1" 

Mit 

aj.rt 

»7^    30.24 

3344 

36,60 

3976 

4a  .88 

45-9« 

^.oo 

52.0D 

h 

Momentii  oT  lDerti& 

About  AxLft  X-X  for  Various  Diati 

utce*  Back 

to  Back  of  Aji^«a,  Id.4 

17035 
I7194 

19360 

I954J 

20827 
IIOI4 

21634 
218^6 
23274 
23484 

23886 
24109 
25699 
25930 

26103 

26347 
28085 

28338 

28312 
28577 
30465 
30739 

30464 
30750 
32782 
33079 

32573 
32878 

35054 
35371 

34704 
35029 

37349 
37687 

36771  • 
37116 

39577 
39935 

II 

I 

4 

1983 1 

2i<H5 

21221 

22347 
23541 
23922 
24122 

24975 
25192 
26737 
26961 

27578 
27818 

29525 
29773 

30141 
30403 
32270 
32541 

32696 
32981 
35007 
35302 

35187 
35494 
37677 
37995 

37627 

379SS 
40292 

40631 

40093 
40442 
42934 
43296 

42486 
42857 
45499 
45883 

L 

22476 
21659 

*3955 
*4U3 

25550 
25757 
27232 

27446 

28559 
28791 
30441 
30681 

31538 

31795 
33619 

33884 

34472 
34753 
36748 
37037 

37398 
37703 
39869 
40183 

40252 
40581 
42914 
43254  1 

43048 
43400 
45897 
46259 

45874 
46248 

48911 

49298  j 

48617 
49014 
51838 
52248 

1 

25676 
27056 
27256 

28969 
29190 
30759 
30987 

31584 
32631 
34388 
34642 

35766 
36039 
37980 
38261 

39096 

39395 
41518 

42418 

42743 
45048 
45382 

45661 
46012 

48856 

48837 
49211 

51869 
52255 

52047 
52446 

55280 
55691 

55164 
55587 
58593 
59029 

f 

28883 
30557 
3227^ 
54049 

32838 

34743 
36702 

38715 

36714 
38846 
410^8 
43291 

40551 
42907 
45330 
47820 

44330 
46908 
49558 
52282 

48101 
50S99 
53777 
56734 

51785 
54800 
57901 
61088 

55390 
58617 
61937 

65347 

5903  s 
62477 
66017 

69654 

62575 
66226 
69980 
73839 

1 

55866 
37730 
39641 
41601 

40782 
42903 
4507S 
47308 

45604 
47978 
50412 
52907 

50377 
53000 
55691 
58449 

55079 
57949 
60893 
63909 

59771 
62887 
66083 
69359 

64361 
67719 
71163 
74693 

68850 

72445 
76131 

79910 

73390 
77224 
81156 
85185 

77801 
90312 

f 

43608 
45662 
47764 
49913 

49591 
51928 

54319 
56764 

55463 
58078 

60755 
63491 

61273 
64164 
67122 
70147 

66999 
70162 
73398 
76707 

72714 
76148 
79662 
83256 

78309 
82010 

85797 
89670 

83780 
87742 
91796 
95941 

89313 
93539 
97863 
102284 

94691 

99173 

103759 

108450 

1 

52109 

S898) 

59263 
61816 

64423 
67085 

66288 
69146 
72064 
75043 

73239 
76398 
79623 
82916 

80090 
83546 
87075 
90677 

86929 
90681 

94513 
98425 

93629 

97674 
101804 
106020 

100179 
104508 
108929 
113442 

106804 
1 14422 
1 16138 
120951 

113244 
118143 

123145 
128251 

1 

69800 
72569 
75392 
78269 

78082 
8n82 
84342 
87562 

86275 
89702 

93195 
96755 

94352 
98 101 
101923 
105818 

102416 
106487 
110637 
114867 

110321 

114709 
119182 
123741 

118047 
122744 
127532 
132413 

125863 

130873 
135981 
141186 

133462 
138776 
144195 
149717 

1 

713«9 
74011 
76683 
79402 

81200 
84185 
87214 
90318 

90843 

0707 
IOSO49 

100382 

104075 
107836 
111664 

109786 
113827 

117942 
122129 

119176 
123564 
128033 
132580 

128386 
133116 
137993 
14283s 

137385 
142449 
147605 

152853 

146490 
151892 
157392 
162990 

155343 
161074 
166908 

172847 

^^nt  of  Tncrtta  of  Net 

\rea  =*  Tabular  \^a 

luc  X  Nc 

t  Area  -h 

Gross  Are 

a  (approi 

J. 

k 
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TABLE  35, 
Moments  or  Ikektia  of  Four  Angles  wtth  Equal  Legs,  Axis  Y-Y. 


3 


^IciinciiEsi  of  Tnettift 

of  Four  Angleifi, 

AjEii  Y'¥. 

Equftl  Lcffi. 


r 


r 


For  Dittum* 
M««wrtd 


BAck  Id  Bkck. 


Id. 


"     i 

'■'■J* 

'    I 

*  4 
'  i 


DEttance  Buck  to  Back  in  Inchct, 


Tn.5 


3.76  I 

+.60 

S-44 

S.76 

7.12 

844 

9.72 

11.00 

12.24 

13.44 


2.1 
27 
34 

9,0 
114 

13-7 
16.0 
18.4 
20.8 
2J.3 


i 


2-5 

3-3 
4-z 

St 

10.3 
1 3. 1 
15.7 
184 
21,1 

z6.s 


2.6 

3.5 

44 

S4 

107 

13.S 

16.3 

19.0 

21.9 

24,7 

^7-S 


II        I        1 


2J 

3-7 

4-6 

S^S 

11.0 

14.0 
i6.g 
197 
22.6 
25.6 


IS. 

2L 

^4- 
27. 

JO.S  ;32,s 


5-4 
4-5 

67 
12,6 
16.0 
19.2 
22.S 

2S-9 
29.2 


3-7 

a;? 

7-3 

ns 

l?A 

i»o.6 
24.0 
27.6 
31.2 
3S  I 


In. 


In.! 


1 

1 


DisMJSce  Bu:k  ti>  B»ck  la  Indwi. 


1-3 
6.6 

9*3 


476 
5.88 
6.92 
S.oo 

676  '14.3 
8,36  1 8.0 
9-93  |ii  J 

A|  1 148  "254 
I  13.00  29.2 

X  1448!  32.8 
1,15.91  16.5 


6.2 
7.8 
9.3 

IlvQ 

16.I 
20.2 


I     A 


6.S 
B.1 

9^7 
ii,S 

20,8 


t       i 


67 


7.1 
9.2 
n.o 


24,3  '2S.O 
2S.6  29.5 
32J  537 
37.0  38.1 
41.2^42.5 


11^  1:9 

i7-i,iS.i 
214  327 


57 
30.3 
34-7 


27*2 
32.1 

36.8 


7-9    80 

9.9  10,7 

19.3   30iJ 

;ho  ^?4 

Ijg.B  '30.5 


39*2  41.6 
43-7  ,46.3 


14.0  3^ 

:39-o|*M 
44- 1 14^7 
,49-i  jSWJ 


DiitaDCe  Bftck  to  Back  ol  An^la  in  Indiici,. 


63f6x 


4M^i 

i 

A 

A 
i  : 
A 

li 

1 

n 

A 

t 

3 

I 

I, 

1 
8x8x5  ' 

FT 
I 


I 


I 


7-76 

2..^ 

9,60 

26.9 

"■44 

32.3 

15.24 

37'7 

15,00 

43-1 

1672 

49.0 

18.44 

S4'S 

I +.+4 

627 

1672 

73i 

19.00 

84.0 

31.24 

94^ 

^i44 

iOv-6 

25, (jO 

1164 

27*76 

126J 

17.44 

loa.s; 

20.14 

126.5 

23.00 

H\M 

^i72 

l6^q 

28.44 

l8:.8 

31.12 

200.1 

3.V76 

21Q.6 

38.9^ 

256.6 

44.0a 

294*0 

u.oo 

343*i 

H'7^ 

3H5-9 

3«^44 

428.8 

42.12 

47^H 

+5  7^ 

S16.S 

;2.92 

603.2 

fiO.OO 

6(^2.9 

66,95 

780.8 

33.6 
297 

3S-8 
41-7 
47*8 
54-3 
60.S 

6S.r  ; 

79-5  ! 

90.9 

103.1 

;i47 

:26.3 

;38.i| 


243 
lO'S 
36.7 
42.8 
49.0 

55-7 
62.1 

69.S 
8r.i 
93.8 
105.2 
n7.i 

t2Q.O 
1 41.0 


3» 
37 
43 

50 

57 
63 
70 
82 

94 
107 

Ml 

119 

r3'> 
159 

I  So 

201 
221 
243 

._!.....„. -284. 
...    ,..„,..   326. 

.J.......   369 

.,.;..„-„  415 
...  .._..  462 

...  ....... '508 

...| 557 

...  L..„...  748 
.._'_,..^  843 


-I 


25.6 
32.1 

J  8.6 

45-1 

51.6 

5  8.6 

65-3 

7^-3 

H44 

96.7 

.4  109.6 

.;  122.0 

.6  IJ4.4 

.9  146.9 

.8  i2t,8 

.8  142.2 

,8  162.5 

.9  1S4.0 

.2  204.6 

^6  22s  4 

■3  1247-5 
.6 '289.5 
*3  B^^o 

SJ744 

.9  421.2 
.4  '468.2 

■8  515-3 
.6  564.7 
,1  ,6S94 
4  '758-0 
4  S54'3 


* 


26.3 
32.9 

39*5 
46.1 
52.9 
60.1 


t  1 


36.9 

33-7 
40.S 

47-4 
54-3 
61.6 


67.0  j  6S7 

86.1  87.9 
I  98.5!  100.6 

111.9,114.2 
124,5  127,0 
137.1    140.0 

150.0  153.0 

133.9  125.9 
<44-'f»  H7-0 
165.5   i^^^^-i 

187.1  'if;o.3 

,20S.I   I2II.7 

229.2  233.2 

2517  256.0 

294.4  299.5 

337*7  |343  5 
'379-1  1 3  S3. 8 

426.5  431.8 
474*1  480.1 
5-i.S  5284 
571.9  579.2 
667.9  /^T^M 
767.S  7777 
8654J876.6 


.  J7  4 

'  J4-S 

41.6 

I  5S-7 
63.2 

,  70-S 
76.8 

I  B97 
^  102.7 
116.5 
'129.61 
142.8 
156.2 
128.1 

H9-5 
171.0 

1935 
215.3 
237.1 
360.4 
304.8 

349S 
3887 
437-3 
486,2  I 

535.1; 

;5S6.s, 

685.1 

'7§7-7| 

8B7.9:, 


2S.9 
36.3 
43  7 

58-5 
66.5 

79-9  I 
93-3 
106.9 

121.3 

n^  o  I 

14^  7 
162.6 


>t 


1324 

1545 
176.8 
200.1 

223-7 

^4S-3 

2694 
315*2 

361.6 

398*5 
44S4 

498.5 
548.8 
601.6 
702.7 
S08.0 
910.9 


136.8 
159.8 
1S2.8 

206.9 

230-3 

2S3-7 
i  27S.6 
326,1 
374-1 
408.5 

459-7 
511. 2 
562.7 
616.9 
720.8 
828.8 
934-5 


1414 
16^.2 
1S8.9 
213.9 
23S.1 
262.3  ; 
■  2S8.1  , 
i  337-^ 
386.9 

!  418*9 

471-3 
524.2 

'  632.6  I 

739*2 
850,1 

958-5  I 


146.3 
170.7 

T95-3 
221.1 

246.1 

266.7 
297-9 
34S7 

400.0 

4^9-4 
483.2 

537-4 
591-7 
6487 
758-1 
87 1 J 

983-1 


i5r.o 
176.5 

:oti 
z;i5 
i544 

413-1 

4954 

551.0 
606.6 
665.1 

777-3 


Radii  of  Gyration  about  Axis  V-Y,  same  aa  piven  in  table  of  Radii  of  Gyration  of  Two  .^npl«- 
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TABLE  36. 

Mtnanrrs  op  Inertia  of  Four  Angles  with  Unequal  Legs»  Axis  Y-Y. 

Long  Legs  Out. 


TABLE  37. 
Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  Y-Y. 

Short  Legs  Out. 


Moments  of  Inertia 

of  Four  Angles. 

Axis  Y-Y. 

Short  Legs  Turned  Out. 


For  Distances 

Measured 

from 

Back  to  Back. 


In. 


■t 


In,< 


4,24 

S-H 
6.Z0 

7.12 

5.76 
7-12 

B-44 
9.72 
11,00 


t 


>7x< 


In, 


9.92 
II4S 
13.00 
14.48 

iS9i 


Distance  Back  ta  Buck  in  fnchft* 


In.* 


2,0 
1.7 

1:1 

8.0 

94 
lo.S 

9.1 
11.4 

ni 
16.1 
18,6 
2 1. 1 
23.6 


2'S 

34 

6.1 
6.2 

9.6 
11.2 
12.9 

las 
13.1 
15.8 
18.5 
21.S 

^4-4 

27.2 


3,6 

3-S 
4'S 
S4 
64 

^5 

10.0 
117 

10.9 

13.6 

164 
19.2 


I 


1.7 
4.7 
67 
6J 

104 

12.2 

14,1 

11.3 
14.1 

17.0 

19.9 


22,3  I23.I 

25.1  26.2 

28.2  J29.3 


1 


3.0 

6.3 

7-5 

74 

94 

11.3 

133 
1S4 

I2>I 
15,1 
1S.2 
214 
24.B 
28.2 

3M 


I 


3-3 
4^6 
S.8 
7,0 
8,2 

8.0 

IQ.2 
12.5 

I4.S 
16,7 

12.9 
16.2 

19-5 


1 


37 
S-o 
64 
7-7 
91 

87 
ii.o 

134 

18.2 

174 
20.9 


22.9!  24.6 
167!  2  8. 6 
30.2  324 
337|lfi'i 


■§1 


"  A 


In.* 


64S 
7,68 
8.88 


S-3 
6.6 
S.o 

95 
10.8 

6.24    9.0 

772  114 

9.20 1 13.8 

10.60  16.0 

12,00 1 18.6 


DistafKC  Back  ta  Back  la  lad 


i 


6.2 
7J 
9vS 


8.1 

9.9 


t 


67 
10.3 


I       1 


11.2: 1 17  12.1 

12.9 1 134  14.0 

104  107 Ilia  I 

I3'I|i3-5|H-o 
IS-S  16.3  16.9 
'184  19,1  19,8 

'214  32.2  2J.0 


9,60' 11.3 

11.44  I  >3 -6 

13,24  16.1 

15.00  18.5 

1672  21,0 

,iB,44  33.8  j2S.o  29.1  30.2 

!2o.i2p64  31*1  32,3  33.6 


13^1  13-7  14.2 
16,0  i  6.6  17.2 
19.0  197  204 
21,8  22.6  23.5 
1 247  3S7  267 


7.3 

9.2 

15,2 

11.9 

I  £8.1 
'21.2 
24-6 

iS'3 
18.S 
22.0 
25.3 
287 
32.6 
36.2 


7A 
lac 

12.; 
14.^ 
16.S 

12.^ 
|6,( 
19^ 

22.; 
26.J 

idj 

19-9 

IK 
37: 
30.< 


Olilaace  Back  to  Back  of  Angles  In  locfaa. 


i 


t 


5X3l3tA  10.24 1 

"  f    ,I2.2d| 

"  I  16.00 

"  Ai7.«8| 

"  I  i  19-68  I 

"  H2148 

"  i  .23.24, 

6x4x1 !  14.44 

"  A  16.72 

"  i   19.00 

"  A  21.24 

"  I  ,23.44' 

"  H  25.60' 


27.76 
31-92 
36.00 


8x6x3^23.72 

*'  I  27.00 

"  A  30.24 

"  i  33.44 

"  U36.60 

"  I  139-76 

"  I  45.92 

"  I  52.00 


i8.t 
217 
25.5 
294 
33.3 
37.1 
41.0 

454 

324 
37.8 
437 
49-3 
54.9 
61.2 
67.1 
78.9 
92.1 


304 
24,6 
38.8 
J3-3 
377 
42.1 
46.6 
51.6 

36.0 
42.1 
48.7 
55-0 
61.3 
68.4 
75.0 
88.5 
1034 


2 1 .0 

3S'3 
297 

344 
38.9 

434 
48.0 

53-3 

37-0 
43-2 
50.0 
56.5 
63.1 
70.3 
77-1 
91.0 
106.3 


126.9 
145. 1 
164.2 
182.6  

201.0  I 
219.6 

258.5 ; 
296.7 1 


217 
26-1 
30.6 

355 
40.1 
44.8 
49-6 
55-0 

38.0 
44.4 
514 
58.1 
64.8 
72.3 

79.3 
93.6 

109.3 

140.6 
160.9 
182.3 
202.8 
223-5 
244.3 
287.8 

3307 


A_l     * 


I      I      I 


i     ** 


224 
26.9 
31.6 
36.6 
414 
46.2 

56.7 

39.Q 
45.6 
S2.8 

S9-7 
66.6 

743 
81.S 
96.2 


40. 
46. 

s+. 

61. 
68, 
76, 

98. 

112.4  115. 


23.0 
27.8 
33.S 

377 
42.7 
477 


I 
143.0  145 

1637  166. 

185.5 '188 

206.4  1 2 10. 

227.4  231. 

2487  253- 
293.0  298. 
3367:342 


23.7 
28.6 
33.6 

3»-9 
44.0 

49.2 
544 
60.4 

41.1 

48.2 
55.8 
63.1 
70.4 
78.5 
86.2 
101.7 
118.8 


148.1 
169.5 
192.1 
213.8 
235.6 
257.7 
3  303.7 
8  1349.0 


H'B 

26.0 

'  29^5 

3J-3 

1  34«6 

36.8 

40.1 

42,6 

454 

48.3 

507 

53.9 

56.1 

59.7 

62.2 

66.1 

42.2 

44.6 

49.5 

52.2 

57.3 

60.5 

64.8 

68.4 

72.3 

76.4 

80.7 

85.2 

88.5 

93.5 

104.5 

1 10.3 

122.1 

128.9 

1507 

156.0 

172.5 

178.6 

195-5 

202.5 

217.6 

2254 

239.8 

248.5 

262.3 

271.8 

309.1 

320.4 

3554 

368.3 

Radii  of  Gyration  about  Axis  Y-Yy  same  as  given  in  Table  of  Radii  of  Gyration  of  Two  .^ 
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TABLE  5S. 
Radii  of  Gyration  of  Two  Angles  with  Equal  Legs,  Both  Axes. 


H*dU  of  Gyration 

oC  Two  Anglet. 

Equal  Leff»« 


Fnr  DUtancc* 
Measured  from 
Bftck  to  Back. 


B^ 


It.    I  Ia.* 


1   +.-- 

^4-86 


Axi.  V-Y. 


DiiUBC*  Back  to  Sack  In  tncbo. 


t   lA 


.62 
.61 

•59 

n 

a 
-91 
91 


j  .84 
.85 

'  .86 
,88 

1.261 

1.27  I 

1.28  I 

10  1.291 

,SS  1.321 


.95 
.96 
.98 
99,  t 


.94 
.9.5 
■97 

.34'!  361 1 

.361.38I1 
.371.39  I 
.38140  I 
.39  i-4i  I 
.4011.4^  I 
-4t't.43!i 


-I 
.99  1*04  J 
.99  t.04  t 
[,00  1.05  I 
.01  1.07  1 
.38  143  I 

40  145  I 

41  146  I 

42  147  I 

43  MS  I 
45  1-50  I 
461^51  ' 


_Li_Li_Li-L 

.091  14 

,10  I. IS' 

.11  i.i6| 

48103 
.501.55 

51  1-56 

.53  1.58! 
.54  i.6o 

SS  '-^^ 


In. 


i 

3ix3ixi 

t 
t 


0  & 


In.» 


2.38 

2.94 
346 
4,00 

3.38 
4.18 
4.96 

574 
6.50 
7.24 
7.96 


Axi*  V-Y, 


DiMsaet  Back  to  Back  hi  lacbcs. 


77 
.76 

1.09 

1.08 
1.07 
1.07 
1.06 
1.0s 
1-04 


j_L|AIJ^^^L 


i 


1.05  1.14  t.J7 

1.06  K15  1.17 

1.07  I.l6j,i8 

1.08  I.I7jI.20 

14SI  1*541571 

147  I. S^"'!  1-58 

148  1.57;  1.59 

149  t.58  i«6o 

1.50  1.59  1.61 

1.51  1*60  1,62 

1.52  1.611.63' 


1.191.2411 
1.201.25,1. 
1 .211. 26 1, 

X. 22  1.27  L 

l.59!i.63'i, 
1.6011.651 
1.61  1*66  I 
1.621.671 
1.63  1,6711 
1.64I1.69I1 
i.66|i7o!i 


39  1.34 

30|i.35 

321.37 

67173 
,691,74 

7017s 
,721177 
73  <78 
,75' 1.80 
76I1.81 


»n.* 


li  I  3.«8 
A|  4«0 
I    I   571 


■■{ 


6.62 

75° 

8.36 

^2i 


I 

< 


STi'- 


^  ^ 


1.25 
1.24 

1.23 
1.23 

1.22 
1.21 
K20 

1.56 

>^S5 
I  54 


IO.t>2 

11.721   S.S2 
I  U.80     LSI 

13.88 

|6i6«J  I  8,72 

■    ;t.;o 

^86 


49-1^ 


1.50 

1.88 

1.87 
1J6 

t.8s 

1J4 
..83 

1.83 
1.81 
I.S0 

2.50 
'49 
248 
-47 
245 

•^44 
241 


Axi.  Y-Y. 


DUtatice  Back  to  Back  of  Ans:lM  \a  Indi«s. 


1.66 

1.68 
1.68 
1.69 

1.70 
171 
172 
2.08 
1.09 

l.fO 
2.11 
2.12 
2,13 
2.14 
2.49 
2.50 
2.51 
2.51 

2-53 
253 

2^55 
2-57 
2.59 

3-33t 
3.31 
3.34 

^H 

3.36 

3.38 
3,40 
343 


1 


1 75 

1.76 
177 1 
178 1 

179  I 

1.80 

I,8t 

2.17 

2.18 
2.19 
1,20 
2.21 
2.22 
a.23 


177 
178 
1.79 
1.80 
1.81 
1.82 
1.83 
2.19 
2.20 

2.21 
2.22 
2.23 
2.24 
2.25 


1.79 
1.80 
1.81 
1.82 

1.83 
1.85 

1.86 
2.22 
2.22 
2.23 

2.25 
2.26 
2.27 
2.28 
2.62 
2.63 
2.64 
3.65 
2.66 
2.67 
2.68 
a.70 
272 

J.44 

1  346 

t347 

1348 

349 

3'SI 

3.53 

I  3-55 


1.82 
1.83 
1.84 
i.8s 
1.86 
1.87 
1.88 
2.24 
2.25 
2.26 
2.27 
2,28 
2.29 
2,30 

2.64 
2.65 
2.66 
2.67 
2.68 
2.69 
2,71 
1.73 
275 

347 
3.48 

349 
3-50 
3^51 
3.53 
3-55 
3-57 


I 


1.34 

1.8s 
1.S6 
1.87 
1.88 
1,90 
1. 91 
2.26 
2.27 
2.28 
2.29 
2.30 
2.32 
2^33 
2.66 
2.67 
2,6S 
2,70 
2.71 
271 

273 
2.7s 

277 

349 

350 

351 

3^52 

353 

3^55 

3-57  , 

3.60' 


1.86 
1,87 
1.88 
1.89 
1.90 
t.g2 
1.93 
2.28 
2.29 
2.30 
2.32 
2,33 
2.34 
^'3S 
2.69 
2.69 
271 
2.72 
2.73 

274 
276 
277 
2.79 
3-52 
353 
3^53 

3.56 

3-57 
3.60 
3-^2 


I 


1.88 
1.89 
1.90 
1.92 

1-93 
1.94 
1.95 

2.31 
2.32 

i-33 
2.34 

2.36 
2.37 

271 
2.72 
273 
274 

2.76 
2.78 
2.80 
2.82 

3-54 

3-55 
3-56 
3-57 

^t 
3.60 

3.62 
3.<54 


I 


1.93 
1,94 
I '95 
1.96 

1-97 
199 
1.00 

2.35 
2.37 
2.38 
2.39 
240 
241 
2.42 

275 
2.76 
277 
2.79 
2,80 
2.81 
2,83 
2,8s 
2.87 

3.58 
3-S9 
3,60 

3.61 
3.62 
3.64 
3-67 
369 


2,80 
2.81 
2.82 
2.84 
2.8s 
2.8s 
2.88 
2.90 
a.92 

363 
3,64 

364 
3.65 
3.67 
3-69 
371 
374 


2.85 
2.86 
2.87 
2.88 
2.89 
2.90 
2.92 
2.94 
2.97 

3.67 
3.68 
3,69 
370 
372 

376 
379 


ii 


2.90 
2.91 

2.91 

2.93 
2.94 

2.9s 

2,97 
2.99 
3.01 

372 
373 
374 
375 
376 
378 
3,81 
3.83 


2.94 
295 
2.96 
2.98 
2.99 
3.00 
3.02 

3«H 

3.06 

377 
3,78 
378 
379 
3.81 
3.83 
3.86 
3.88 


w.TT'.rnr.^  of  Inertia 


about  Axis  Y-Y  equal  one-half  of  valuci  given  in  Tabic  of  Moments  of 
lablc  3v 
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TABLE  39. 
Radii  of  Gyration  of  Two  Angles  with  Unequal  Legs,  Both  Axes. 

Long  Legs  Out. 


lUiUL  <if  Gyrmtioa 

of  Two  Ariff Ici. 
Lonf  Le^  TuTPcdl  Out, 


TP 


For  IMitmmi' 


In. 


\ii 


In.' 


Ai[i  Y-Y. 


Dtstiuice  B»ck  to  Baqk  in  Inchct. 


1 


1 


f  ;  ) 


In. 


Ib.^ 


Axii  Y*Y. 


Dittsnce  Biick  to  EkL  bi  I 


i 


t  I  1 


"  A 

"  f 

"  A 

"  i 

"   A 
"  i 

■t 

"      ft 


t.6i 

1.62 
l.io 

%M 

3.56 
4.22 
4.t»6 
5.50 

4.  IB 

4.96 

S'74 
6*50 
7.34 
7.96 


1. 19 

1.20 
1. 2 1 

1.24 
1,67 

:.6oji.68 

1.61  I.  .69 
i. 61  1.70 


1.^2  I 
I.ljit 
1.241 
1.2$  I 
1.26  I 
1.69  I 
1. 70;  I 
1.72'! 
1.73' I 


.62.i7i|i.74;i 

.77I.871.&91 
.79J1-88  1.90  I 
.8o|t.89  i.gi  I 
,81  1.90  1.92  I 
.821,9211,941 

.83  1,931-95  » 
J4  1.94  1.96  I 


24  1,29  1 

25  1.30:1 
16  i.3i]i 
28  1.32 


71  1,76 


1-77 

I  Jo 
iJi 


1.96]  2. 
i.97ii- 


Ot 

02 

96!2.0l|2.0& 

07 

08 


1.982. 

■95'i*g9i' 

',2.0lh 
,97' 2.02  2, 
98  2.03!  2 


341.38 

36  i.40 

37  14^ 
3S1-44 
39146 
8i  1.86 
82  1, 88 
84  1.89 
8s  1.90 
86  1.91 

2.06 

2.07 

3.08 

2.09 

2.1 

3.12 

2.14 


3X2ili 

"  ft 

■■r 

"  A 


2.62 

3.24 
3^84 

4-44 
5.00 

3.12 1 
3.86 
4.60 
5-30 
6,00 
4.80 
5,72 
6.62 
7.50 
8.36 
9.22 
10.06I 


1.31  J.4D 

I.321^1| 

1.33  M3, 
1-34  1-44 

1.52  1.61 
t.52;i.6i 

1.53  1.62 
1.S4163 

2.33  2.42 
2,342.43 

1,352.45 
a.36'1.46 
1.37J2.47 

2.391^4^ 
a.4Q2.49 


1.42 

143 
145 


145  J 'SO  i^ 

146  1,51  1^ 

1481-53  1' 


46  1.491.541. 


147 

1,63 
1.6+ 


1  501551 

1,651.701 

^  1,661.71,1 

1.61J1.67  1.72  I 
1.6631, 6S  1.731 
1*68  1.70  1.75  I 
245*247^2.52  2 
2.462482.532 

2.47  2  49  M4^ 

2.48  2.50  2.55  2 

249  2. 52; 2.572 
2.51  2.532-58^ 
2.522.5412-591 


«  =  E 


Id. 


S3£3i3cft 


i' 


l( 

H 

10.74 

11.62 

^ 

Jt 

7.23 

I* 

ft 

B.l6 

u 

9.50 

ft  10.62 

,    11-7^ 

i  12.80 

13.88 

15-96 

Td.s 


S.I2 
6.10 
7,06 

a.oo 
S.94 
9.ii4 


1  ,18.00 

8^6:cft  11.86' 

':    i  |uso 

"    fti5-i2 

"  I  16.7^ 

"  ili8.3o 

"  I  [19.88 

"  i    22,96 

"  1    26.00 


1.05 

1.02 

1. 01 

t.oi 

1. 00 

"99 

.98 

.98 

I.I7 
t.iG 

I-I5 
1.14 
1. 13 

1  13 

I.L2 

i.n 
1. 09 

1.80 

1.79 
1. 78 

1^77 
1.77 
1.76 
1.74 
1-71 


AxisY-Y, 


DiitaDcc  Back  Id  Hack  of  Angles  iJi  Inches, 


I 


2.26 
2.27 
2.28 
2.29 
2.30 
^-31 
2.32 
2.33 
2-74 

2.76 

2-77 
27a 

2-79 
2.80 
2J2 
2.8s 

3-55 
3^56 
3-57 
3.58 
3'59 
3.60 
3.62 


^■3S 
2.36 
2.37 
2.38 

S-39 
2.40 
241 
343 
2.83 
2.S4 

3-85 
2.86 
2.87 
2.89 

I  2.90 
2.92 

i*-9S 


2.37 

2.39 
2.41 
2.42 
243 
2.44 
2.46 
2.8s 
2M1 

2.88 
2.88 
2.R9 
2-91 
2.92 

2.94 
2,97 


^-39 
2.40 
2.41 
243 
244 
^45 
2.46 
248 
2.87 
2.88 
2.90 
1-91 
2.92 

2^94 
3-95 
2-97 
i'99 
3.68 
3.69 
371 
371 
3-72 
3-73 
3-76 
37& 


I 


2.42  , 
^43  ; 
2-44  I 
24s  I 
246  I 
24S  , 
249 
2-51, 
2.90 
2.91 
2.92 
1-93  ; 

2.97 
2.99 

3-02 

3  7^ 
I  3.71 

i  3  73 
374 
3-75 
376 
3.78 
3.80 


2.44 

i4S 
2.46 
2.4S 
249 
2.50 
2.51 
2-S3 
2.92 
293 
295 
2.96 
2.97 
2.98 
2.99 
3.01 
3.04 

373 
3-74 
3-75 
376 
377 
378 
3.81 
3.S2 


I 


247 
2.48 

249 
2.50 
2.51 
2.52 
^■SJ 
2-S5 
2.94 
2.^5 
2-97 
2.98 
2-99 
301 
3.02 
1.04 
3-07 

37S 
l.;6 

3  77 
37S 
3-79 
3*80 
3.83 

Ml 


249 
2.50 
2.52 

2.54 

2-5  S 
2.56 
2. 58 
2.97 
2.98 
2.99 
3.00 
3.01 
3-03 

3.06 
3.09 

377 
378 
3-80 
3*Bt 
3.82 
1-Si 
3^flS 

Mz. 


2.S4 

2.56 
2.58 
2-59 
2.60 
2.61 
2,63 
3.01 
3.02 

304 
3.05 
3.06 
3.08 
3.09 
311 
3  14 
3.82 
3.83 
3-84 
3^85 
3-86 

3.87 
3.90 
3-92 


3.87     3,91 

3.8S  !  3.92 
3.89    3.94 


390 

3.95 

3-91 

396 

3,92 

3 '97 

3-95 

3  99 

3  97 

4.02 

3.Q6 

397 

399 
4.0Q 
4.01 
4,03 
404 
4^7 


Moments  of  Inertia  about  Axis  Y-Y  equal  one-half  of  valiie«  given  in  Table  of  Monw 
Inerih  of  Four  Angles^  I'able  36, 


^1 


TABLE  40. 

Radii  of  Gyration  of  Two  Angles  with  Unequal  Legs,  Both  Axes* 
Short  Legs  Out. 


lUiiU  of  Gyration 

of  Two  Anj^lei. 

Short  Lcgt  Tumed  Out. 


I 


For  DlstAnc^ 
Mea^urrd  from 
Back  to  Back. 


Am*  Y-Y. 


Back  to  Back  in  Inches, 


k         I 


C  0 


In 


1. 02  1.07 

1.04  1.09 

1.05  1. 10 

t,o6|i.n 
1,07,1.15 

i.i8'i.23 
f. 20;  1*24 

1.21  1.26 

1.22  1.27 
1.23^1.29 

1*38  "43 
1.39  1.44, 

140,145' 
1.41,1.46 

143 1 1481 
I4V  50 
14^1 1 -St 


't 

3lx3xi 

S^3JeA 

"  H 


o  fl'i  X 


2  0  S 


In.« 


Axis  Y-Y. 


Di^tOAce  Back  to  Back  in  Inche«. 


A  I   *  IJ  I   H   I 


2,62 

4'44 

5.oo| 

3.12 
386| 

5»30| 
6,qq\ 


.95|i-ooi 
,941-01,1 
.931-02  I 
.93  i.o;  I 
.91,1,04^1 

l.Il'l.20  I 
I.10;i.22'l. 
lWl.23il 

1.0811.23  1 

1.07  1.24|t 

I.6III.09I1 
1,61  1.09' 1 


4,80 

571 
6.62 

7-So| 
8,36 

9,22'i.S7  1,14 
10.06! 


1.60 
11.59' 


ji.56 


t.io 

1. 11 

1. 12 


1. 15 


10  1.12  c 
ii'i.i4  I 
12  1. 15  I 
.I4|i.i6i 

29  1.31'! 

30  1.32  1 

31  i'33Ji 
35  1.34,1 

35^i.j6i 

17  1.20  I 
.18  1. 21  I 
.20^1.22  1 
,21  1,23  I 
.22  1.24  1 
,231.261 
.2411.2711 


.rVi.tS  I 
.14I1.19  I 

.16  1.21^1 

.17  1.22  1 

18: 1.23;  r 

.33'i.38.i 

■35,1*39,1 
.361.401 

.37,141  I 
-39143 
22' 1,26 

,23|1,27 

.241.29 
,25 1.30 
,26  1.31 

,281.33 


^9lt>34' 


23  1.2S 
241,29 
26' 1.3 1 

27,1.33 
,28  1.34 

43U48 

44,149 
45  1.50 

461-SI 

,48;  1.53 

3111.36 
32|l*37 
341-39 
3511,40 
,36|i4i 
381I43 
391  44 


Axis  Y-Y. 


Di»uuacc  Back  to  Back  of  Ajigfes  in  laches, 


1   \it.'^ 


1.48 
149 
1.50 
1.51 
1.52 

1*53 
154 
1.56 

1.64 

1.66 
1.67 
1.68 
1,69 
1.71 
1,72 
I  74 
1-77 

245 
2,46 
2.48 
2,49 
2.49 
2.50 
2.53 
2^54 


«     I    A    I     I 


1.50 
IS" 
1.52 

1-54 
155 

1,56 

1.57 
159 
1,66 

1.68 
1,69 
1,70 
1.71 
173 
174 
1,76 

1-79 

247 
2,48 
2.50 
2.51 
2.52 
2.52 
2.55 
2-57 


1*53 

154 
1.56 

1*57 
i.SS 
1.59 
i.6t 
1.69 
1,70 
1,71 
1,72 
I-73 
1-75 
1*76 

1,79 
1,82 

2,49 
2.51 
2.52 
2-53 
2-54 
2-55 
2-57 
2.S9 


1-55 

1,56 

1.58 

1.59 
1,60 
1.62 
1,63 

1,71 
1 72 
1,74 
175 
1,76 

177 

1,79 
1.81 
1,84 
2.52 
2.53 
2.54 
2.55 
2.56 
2.57 
2.59 
2.62 


I 


I.S9 
1,60 
1.62 

,.63 
1.64 
1.66 

1*69 

1,76 

177 
1.78 

1.79 
1,81 
1,82 
iS± 
1.86 
1.89 
2,56 
2.57 
2.59 
2.60 
2.61 
2.62 
2,64 
2,66 


i    I 


I    >l    I   a 


2,6t 

2.62 
2.63 
2.64 
2,65 
2.66 
2,69 
2.71 


2.66 

2.66 
2,68 
2.69 
2.70 
2,71 

274 
2.76 


\U>mrnt«  of  Inertia  about  Axis  Y-Y  equal  one-half  of  valuer  gwcT\  mTaXAt  ol "SJVottv^tvV^ 
laenii  of  Fqui  Angles,  7' able  57. 
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TABLE  41 
Safe  Loads  of  Single  Angle  Struts 

Equal  Leg  Angles 
American  Bridge  Company  Standards 


Sftfe  IcHiidi  in  tliDunnd^  of 
mdluB  of  EyrniUjn 

for  l«u 

It 

*\ 

\ 

To  left  of  heav>'  liae  valu«  of  1  r  do  Mt 
To  right  of  heavy  line  vaJiiet  of  J^r  do  not 

^S 

mvt        Thkknna 

Leii«;th  [n  Feet                                                                | 

Inchei     !|     Inrhn 

1 

4 

S 

& 

T 

M 

SI     1 

Id 

II 

13 

13   i  14 

H 

lixii 

iix.i 

>  XI 
alxa) 
)  Xj 

.<IX.(i 
4  X  + 

A 

t 
! 

4 

S 
7 

7 

9 

II 

lO 

\l 

17 

St 

'$ 

1 

4    , 
S 

.  ,.        f 

1 

4 

S 
7 
B 

8 

tl 
i| 

15 

21 

zS 
5^ 

;o 
44 

4^ 
55 

^5 

' 

S 
7 
S 

1 

7 
9 
II 

13 

t6 
I8 

Zl 

21 

'5 
zS 

2<i 

4^ 

4^ 
4^ 

5^ 
t>i 

5+ 
**• 

r 

9 
it 

12 

H 

! 

I                 1 

11 
13 

II 

-5 

. 

V  — 

A          55 

i6 
19 

21 
*i 

-4 

li 

1$ 

21 

-^4 

i   s 

'"  i  ; 

U           2^ 

45        4^ 
5^        4* 

5^       55 

?l        4^ 

';       ^i 

5;       rS 

33 

50        27 

39       15 
44        19 

24        21 

17       ^ 
U         2- 

35        .- 

;2       2* 
54       3^ 

3'^        3r 
*=        .-■ 
4f        A- 

45        ♦i        50 
5^        40       45 
^0       =;        ^1 

h6       t:i        ZT 
73        ^       h 

3^       5^ 

4"        45 
53        +> 
5-         55 

1  ihi<  1 

Ea■^iel5 

Ave  beta  cal 

culat<«i  oc  the  s^^iiiapdoG  tbt 

1  zhe  i^E*^^**! 

^ 


TABLE  42 
Safe  Loads  of  Single  Angle  Struts 

Unequal  Leg  Angles 
American  Bridge  Company  Standards 


ndias  of  gyration 

p  -  i6/>oo  -  70  l/r 

«-. 

■^. 

To  left  of  heavy  line  values  of  l/r  do  not 

exceed  125 
To  right  of  heavy  line  values  of  l/r  do  not 

■^^ 

exceed  150 

3ie 

Thkkneas 

Length  in  Feet 

cfaet 

Inches 

3 

4 

5 

6 

7 

8 

9 

10 

II 

13 

13 

Xr| 

A 

1 

1 

t 

s 

8 
II 
13 

12 
IS 

IS 

18 

21 

16 

20 

23 
27 

11 

iS 
30 

35 
39 

32 
39 
4S 
50 

47 

II 

70 
77 

i 

8 

7 
9 

X2 

7 

8 

10 

10 

12 

\l 

18 

14 
17 
21 

21 

^ 

32 

^3 
27 
31 
35 

30 
35 

!J 

44 

.1 

71 

X2 

8 
II 
12 

10 
12 
14 

<2i 

II 
13 
15 

12 
IS 

17 

18 
21 

24 
28 

20 
23 
27 
31 

27 
32 
37 
42 

41 

47 
S3 
59 
65 

<zi 

13 
15 
17 
20 

15 
17 
20 
22 

<3 

IS 
18 
21 
24 

17 
20 

11 

24 
29 
33 
37 

37 
43 
49 
54 
59 

1    . 

<3 

12 

\t 
18 

18 

22 

25 
28 

11 

21 
24 

<3h 

21 
25 
29 

33 

34 
39 
44 
49 
54 

li 

30 
34 

20 

C4 

30 

35 
39 
44 
48 

27 
31 
35 

±2 

7f, 

Note:  The  values  in  this  tab 
1  by  both  legs.— M.  S.  K. 

le  have 

been  a 

Uculate 

d  on  the  assumption  that  the  angle  is  fas- 
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TABLE  45 

Safe  Loai^  of  Two  Angle  Struts,  Axis  i-i 

Equal  Leo,  and  Unequal  Leg  with  Lokg  Lec  Turned  Out 

AifEEicAN  Bridge  Company  Standards 


Safe  load^  in  thousandb  of  poiuads  with 
reflpecL  to  oxii  i-  [ 


I 


To  left  of  heavy  line  valun  of  1/^  dd  d 

pxceed.  115 
To  right  of  heavy  Use  valuet  of  l/r  do  n 
'.  [50 


ni 
AoELeri 


(5o 


In.    In, 


P 

Lb. 


I. 


In.* 


LcDjEth  in  Feet 


to     ti     ta     u     14    tS     16     17     iS^ 


it  \  $$   13  H 


2JX2J 

3  Xa 

3   X2i 
3    X3 

3lXii 

3lX3 
3iX3i 
'4  X3 


1    J  45 
A,i46 

i 


,98 
-99 

1.24 

1 .2(1 
1.19 

'■S3 
1-55 


64 

S-6 
7-4 


L44 

1,62 
2.1: 


J  .39 
140 
141 
142 

1-44 


S,2' 
1 0.0 

S,2 
1 0.0 

n-8 

9.0 
11.2 

13-2 

9'S 

[2,2 


I.7I 

iV  1.7^' 

i  177 


1.66 
1.67 
1.69 
1.70  Z04 


A  1.60 
I  1. 61 
A '1-63 


15.S 
18.2 


19.6 

21,2 


1  93  14  4  4''S 

I  .Q4;  17.0 +.96 
19.6  5.74 

22.2 

Z4,S 


I-9S 
t  96 

97 


I  11,0927.2 


16 
21 

tg 

2S 

3^ 
28 
35 

30 
37 
44 

3J 
+1 
48 

36 
44 
5^ 
6t 

69 

38 
47 

5s 
64 
7^ 

50 
60 
69 
78 

54 
64 

74 

84 

56 
66 

.77 
6,50  a  7 
7.24I  97 
796I107 


9.0  2.62 

2,38 
2.94 

2.38 
2.94 

346 
2.62 

3.24 
3^84 

2.88 

3-5^; 
144;4.22| 
16.64.86 

iS.sk^o 

9,82.1 
12.2  3.56 
1444.22 
16.6  4.B6 
rSJ  5.50 


3.86 
4.60 

530 
6.00 


1444  «8 
17.04.96 


5-74 
6.50 


14 
19 

18 

H 
30 

36 
3J 

29 
36 

+2 

31 
39 
46 

34 
42 
50 

5« 
66 

36 

4S 
S3 
62 
70 

48 

57 
66 

75 

Si 
61 

71 
81 

64 

75 
H 
94 
104 


IS'  12 
17  i6 


2S^3 
3i|29 

27 1  26 

34;  33 
4D  38 

30  28 
37  35 

4414^ 

32I  30 
40  38 
47  45 
55  S^ 
62  S9 


49  47 
59  56 
68 

77 


72 
82 
9^ 


9      8 
13    ti 


IS  14 
20  18 
iS    23 


49   46 
S^    S3 


55 'S^ 
62    59 


42 
SO 
58 
69   66 


13 

»7    IS 

II    19 

iS 
22 


21 
26 

31 

22 
28 
33 

23 
29 

2S 
40 

4& 

34 
4« 
48 

57    54 


40^38 

4R  :  46 

56    S3 
63    60 


65 

62 

74 

71 

51 

49 

60 

S8 

70 

67 

79 

76 

88 

8s 

97 

94 

45    4S 

53  ,5* 
59 

67 

47 
S6 
65 
73 
81 
90 


16 


17   t6 

^  . 21     20 

27   25  1 23 

18U6 


20     tS 

2S     23 

u    3^ 

40137 


30 


22    21 
28 

33 

38 


16 

II 

15 
29  17 

33   J« 


34 

3^ 

30 

41 

39 

3«^ 

47 

45 

44 

54 

S« 

4« 

61 

57 

5+ 

67 

64 

60 

2y 
34 

29 

i7 

15 

'5 

34 

3^ 

30.  :s 

40 

37 

3Sli» 

45 

43 

40  J7 

S» 

4« 

«;♦' 

57 

53 

5« 

£1 
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TABLE   Ai,— Continued                                               '^^^^H 

Safe  Loads  of  Two  Angle  Struts,  Axis  i-i                                  ^^^H 

Equal  Lbg,  and  Unequal  Leg  with  Long  Lbg  Tuknbi>  Out                          ^| 

Amfrican  Bridge  Company  Standards 

1 

r^    r       %           M         1          A%^                          J            ^                 .       -■.           t*^ 

f 
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69   66|  63 
80   76! 


87!  82 

961  91 

106I100 


34 
40 
46 

52i_l7 

S7 

62 


36 
42 


S"X3"  An^» 


3^78 
4.48 
5.16 
S-82 
6.46 
7. 10' 1. 18 


1-24 
1,25 
1,26 


l6i 
1.61 
1.60 

1-57 


164  4.80 

19.6I  5.72 

22.6'  6.62 

25.6  7.50J 

28.6  8. 36 

31-4  9'22| 


67 
80: 
92 
los 


64 
76 
SB 
100 


117  nt 
129I113 


60 
71 
83 
95 
106 
117 


S7 
68 

79' 
90 
100 

in 


54 

64 

7S 
8S 
95 
105 


34" 
41 

A 

54 
61 

69) 


31  27 
37,  13 
43  39 
49   44 

Mm 


siLj^i^i 


S^Xjr  An«I« 


3-S8^ 

4-SS 
5-28 
S.98 


^■45 
146 

1-47 
1-49 


6.64;  i-so 
7.30;  1.51 


7.94|i'S2 


k6i 
1-60 
1-59, 


174 
20.8 
24.G 
27.2 


i'S7304 
l,S6|33.6 

8^s6^rS3li.S5l3M[ 


6.10 
7.06 
8.0D 

8.Q+ 

9.84 
10.74 

1.62 


87 

101 

U4 
128 
141 
154 
167 


70 
84 
97 
no 
123 


67 
80 

93 
118 


136  130 

148 1 142 


64 

77 

89 

101 

113 
125 
136 
148 


61 

P 
8s 

96 

108 

119 

130 

141 


58 
70 
«l 
92 
103 
1J4 
124 
135 


55 
66 

77 
87 

9S 
108 
iiS 
128 


S2 
62 

73 
83 

93 
103 
113 

122 


49 
59 
69 
7S 
88 

97 
107 
116 


46 

11 

74 
83 
92 

lOl 

109 


43 
52 
61 

69 
7® 
86 

95 
103 


37 
45 

68 

75 
83 
qo 


3+^  1i-«. 


3«34.-  ■ 
44;4V-'' 

,    ,  6459 ■ 
771  7>,65S9- 
84I  777x6;. 


6"Xi*"Aa^e» 


6,50 

7-5° 
B48 

944 
10.38 

1220 


1-39, »  94 


140 
141 

142 
143 

t-4S 
146 


1^93 
1.92 
1.91 
I  90 
I  89 
1J9 


234 
J7.0 
30.6 
34' 2 


6J4 

794 
9.00 
10.06 


37.8JIK10 

4I.2'12.I2 

44,8'i3>i2 


97 
n3 
128 

143 
158 

173 
1S7 


93 
108 

IS 


89 

lOj 

"7 
I3t 
145 


166;  159 


8s 
98 

U2 

138 
152 
l6s 


81 

94 
106 
119 
132 
HS 
157 


76 

69 
10 1 
113 

138 
250 


68  64 

79!  74 

90:  85 

lOZi   96 

112,106 


72 

u 

107 

119^ 

I3i]i24;ii7 
1 421135]  1 27 


60 
70 
Bo 
90 

99 
1 10 
119 


I' 
6s 

74 
84 

93 
103 
112 


52 
60 
69 
78 


96 
104^ 


47 
55 

64 

72 

86LiQ 


J  r 


6sL 


g9    82  74_ 


fl"X4"An|Ia 


6.64 
7.66 
8.66 
9,66 
10.6: 


1.62 
1.63 
1.65 
I  66 
1.67 


193 
1.92 
1.91 
r.90 
1.90 
ii.q6  1-681.89 


24.6 
28.6 

35.4 
36.2 
40.0 
43.6 


12.501.70  i.bsUt^ 


7.22 
8.36 
9^50 

to.  61 
ir.72 
12.82 
13-88 


104 

121 

138' 

154 

170 


B  ^t86 
i    30; 


lOi 

117 

"33 

148 
164 
179 
195 


97    93 
112  108 

"28  123 
143  138 

158  152 
173  167 


89 
104 
u8 
132 
146 
160 


86 
99 
113 

127 

140 


82 

9S 
109 
122 
«34 


154147 


174  167  160 


78 
91 
104 
116 
129 
141 
153 


74 
86 

99 
111 

123 


71 

82 

94 

105 
117 

123 


147140 


67 
78 
89 

100 

til 

122 
133 


63 

59 

74 

69 

84 

79 

95 

89 

tos 

99 

115 

109 

126 

119 

56 

^5 
75 
84 

93 
103 
112 


6il56iu4f^.^ 
"7o|6;  60  ^'■ 
7973686:. 

96  90  83'777I 
1059992^5^ 
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■ 

1 
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TABLE  46                    ^^H 

^1 

V 

PROPERTrES  AND    ElEHENTS  OF   Z  BaRS 

X 

1 

Moments  of 
Inertia.  I 

R«m  of  GyfBtioD,  r 

0 

K 

^ 

^ 

Inches^ 

Inches 

^ 

1 

1 

1 

1 

1 

C  3  >  =  t  P,":  c 

1 

1 

Id. 

to. 

In. 

Lb. 

Sq.InJ    ^'^^'[    ^^-5 

jdo^ 

H^-g 

to. 

In 

.„. 

f 

6 

3} 

15.6 

4-59     25.32 

9.11 

2^35 

141 

0.83 

t? 

if 

18.3 

21.0 

5.39 

6.19 

29.80 
34.36 

10.95 
12.87 

2.36 

143 
1.44 

0.83 
0.84 

ii 

I 

6 

3i 

22.7 

6.68 

34-64 

12.59 

2.28 

1.37 

0.81 

tf 

■' 

25.4 

746 

38,86 

1442 

2.28 

139 

0,82 

2i 

6 

28.0 

8.25 

43-18 

16.34 

2.29 

141 

0.84 

j. 

6 

3l 

29-3 

8.63 

42,12 

IS  44 

2.21 

1.34 

0.81 

1 

jf 

3^ 

31-9 

940 

46.13 

17,27 

2.22 

1.36 

0.82 

ii 

3l 

34'^ 

10,17    50.21 

19,18      2.22 

1.37 

0.83 

I 

s. 

3l 

U.6 

340 

13-36 

6.18 

1.98 

135 

0.75 

''i* 

3^ 

13.9 

4.10 

16,18 

7^65 

1-99 

L37 

0,76 

2I 

si 

31 

164 

4.81 

19.07 

9.20 

1.99 

138 

077 

\ 

s. 

3l 

17^9 

5.25 

19-19 

905 

i.9t 

1.31 

0,74 

5^ 

3^ 

20,2 

5-94 

21.83 

10,51 

1.91 

1.33 

0.75 

sl 

s 

Si 

3f 

22.6 

6.64 

H.S3 

12.06 

1,92 

1.35 

076 

1 

5, 

Ik 

237 

6.96 

23.68 

11.37 

1.84 

1.28 

0.73 

sA 

26.0 

7.64 

26.16 

12.83 

1.85 

1.30 

0,74 

^l             I 

il 

3l 

28.3 

M3 

28.70 

1416 

r86 

t.^i 

0.76 

1 

4 

3A 

8.2 

241 

6,28 

4.23 

1.62 

133 

0,67 

' 

Jf 

10.3 
124 

3.66 

7.94 
9.63 

S.46 
6.77 

1.62 
1,62 

t.34 
1.36 

0.68 

0.69 

2 

r 

4, 

sA 

I3.g 

4,05 

9.66 

673 

1-55 

1,29 

0.66 

it 

s'. 

15.8 

4.66 

II. 18 

7,96 

155 

1.31 

0.67 

2 

4 

k 

3A 

179 

5^27 

12.74 

9.26 

155 

1,33 

0.68 

4. 

3A 

18.9 

B'iS 

12.11 

8.73 

148 

1,25 

0,66 

' 

.t 

5* 

20.g 

6.14 

13.52 

9.95 

148 

1,27 

0,67 

2 

3A 

21,0 

6.75 

1497 

U.24 

149 

1.29 

o/>s 

J. 

2{ 

6.7 

1.97 

2.87 

2.81 

I  21 

1,19 

0,55 

It 

1 

31^ 

84 

248 

3.64 

3.64 

1,21 

t.2I 

0,56 

J. 

*t* 

9.7 

1.86 

3^85 

3m 

1.16 

1,17 

0.54 

li 

• 

3iV 

ll 

114 

3^36 

4-57 

4  75 

1,17 

1. 19 

0'55 

}. 

't* 

iM 

369 

4^59 

4.85 

1,12 

I  <5 

0.53 

It 

f 

Jft 

jI 

14.2 

4.18 

S.26 

5.70 

M2 

M7 

0^54 

'           1 

■ 
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i 
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TABLE  47. 
Elements  of  Carnegie  Equal  Tees. 


( 

2 

1 

ri— 

N 

^1 

Size. 

Weight 
per  Foot. 

Area 
of 

Sec- 
tion. 

Axia 

i-i. 

Axis  2-: 

Flange. 

Stem. 

Min.  Thickness. 

I 

r 

S 

X 

I 

r 

Flange. 

Stem. 

In. 

In. 

In. 

In. 

Lb. 

In.« 

In.« 

In. 

In.« 

In. 

In.« 

In. 

4 

4 

i 

i 

13-5 

3-97 

57 

1.20 

2.0 

I.18 

2.8 

0.84 

4 

4 

i 

i 

lo.s 

3.09 

45 

1. 21 

1.6 

I.I3 

2.1 

0.83 

3i 

3i 

i 

i 

II.7 

3.44 

3-7 

1.04 

i-S 

I. OS 

1.9 

0.74 

3J 

3i 

1 

i 

9.2 

2.68 

3.0 

1.05 

1.2 

1. 01 

1.4 

0.73 

3 

3 

J 

i 

99 

2.91 

2.3 

0.88 

I.I 

0.93 

1.2 

0.64 

3 

3 

A 

A 

8.9 

2.59 

2.1 

0.89 

0.98 

0.91 

1.0 

0.63 

3 

3 

f 

i 

7.8 

2.27 

1.8 

0.90 

0.86 

0.88 

0.90 

0.63 

3 

3 

A 

A 

6.7 

1.95 

1.6 

0.90 

0.74 

0.86 

0-75 

0.62 

2i 

2i 

i 

i 

6.4 

1.S7 

I.O 

0.74 

0.59 

0.76 

0.52 

0.53 

2j 

2i 

A 

A 

5-5 

1.60 

0.88 

0.74 

0.50 

0.74 

0.44 

0.52 

2i 

2l 

A 

A 

4-9 

143 

0.65 

0.67 

0.41 

0.68 

0.33 

0.48 

2} 

2} 

i 

i 

4-1 

1. 19 

0.52 

0.66 

0.32 

0.65 

0.25 

0.46 

2 

2 

A 

A 

4-3 

1.26 

0.44 

0.59 

0.31 

0.61 

0.23 

0.43 

2 

2 

J 

i 

3.56 

1.05 

0.37 

0.59 

0.26 

0.59 

0.18 

0.42 

If 

li 

i 

i 

3.09 

0.91 

0.23 

0.51 

0.19 

0.54 

0.12 

0.37 

li 

li 

i 

i 

2.47 

0.73 

0.15 

0.45 

0.14 

0.47 

0.08 

0.32 

li 

li 

A 

A 

1.94 

0.57 

O.II 

0.45 

O.II 

0.44 

0.06 

0.32 

II 

li 

i 

i 

2.02 

0-59 

0.08 

0.37 

O.IO 

0.40 

0.05 

0.28 

1} 

1} 

A 

A 

1-59 

0.47 

0.06 

0.37 

0.07 

0.38 

0.03 

0.27  1 

I 

I 

A 

A 

I.2S 

0.37 

0.03 

0.29 

0.05 

0.32 

0.02 

0.22   ! 

I 

I 

i 

i 

0.89 

0.26 

0.02     0.30 

0.03 

0.29 

O.OI 

0.21    1 
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TABLE  48. 
Elements  of  Carnegie  Unequal  Tees. 


n 

I— - 

~\ 

L 1 

t 

Siie. 

Wdeht 

per 
Foot. 

of       i 
Sectlcm.! 

AxiA 

i-i. 

Axis  a- J. 

n 

FboEC. 

Stem. 

t 

r 

S 

X 

I 

r 

s 

Flaa^ie.' 

Stem, 

In. 

In. 

Ln. 

In. 

hh. 

In.* 

In.* 

In, 

I0-* 

111. 

Id.* 

tn. 

tn.> 

1 

Ji' 

13.4 

im 

^-4 

078 

1,1 

073 

S'4 

1.17 

2.2 

s 

10.9    1 

3-ie 

1.5 

0.68 

078 

0*63 

41 

1.14 

1.6 

A 

157 

4^60 

5.1 

I. OS 

2.1 

t.Il 

37 

0.90 

17 

1 

i 

9.8 

iM 

2.1 

0.84 

0.91 

074 

3-0 

1.02 

13 

4! 

A 

84 

146 

I J 

a8s 

078 

071 

i-S 

1. 01 

ij 

1 

f 

9.2 

2.68 

1.2      ' 

0.67 

0.63 

o<S9 

3'0 

1.05 

a -J 

A 

7» 

2.29 

t  .0 

0,68 

044 

0.57 

^S 

I. OS 

1.1 

i5«J 

45° 

10.8 

i-SS 

3-1 

1.56 

2.8 

079 

14 

ii.9 

3-49 

8.5 

1.56 

2.4 

I  SI 

2.[ 

0.78 

1.1 

H'4 

4,23 

7-9 

1.37 

2^5 

1-37 

2J 

oJt 

1.4 

n.i 

3*^9 

6.3 

1-39 

1.0 

ijr 

2.1 

o.So 

i.i 

9,2 

2,68 

2.0 

0.86 

0.90 

0.78 

2.1 

0.89 

lA 

t 

1 

A 

7-8 

2.29 

1.7 

0-S7 

077 

075 

1.8 

0J8 

oM 

A 

1 

8-5 

24& 

1.2 

a.69 

0.62 

0.61 

2.1 

0.92 

IM 

7.a 

2.12 

I.O 

0.69 

043 

0.60 

k8 

0.91 

oM 

1 

4 

7.8 

2.27 

0.60 

0.5a 

040 

048 

2.1 

0.96 

lA 

A 

6.7 

1.95 

OS3 

0.52 

034 

0.46 

1.8 

0.9s 

0.88 

11.6 

370 

S5 

Kit 

2.0 

1.24 

1.9 

0.71 

l.l 

9.8 

2J8 

4-3 

1,25 

1-5 

1.19 

J  4 

0.70 

oJl 

: 

' 

lOJ 

3^17 

24 

0.87 

i.i 

0.88 

1.9 

0.77 

1,1 

■ 

8.S 

248 

1-9 

0.88 

0.89 

0.83 

14 

07s 

OJl 

A 

7S 

2.20 

I J 

0,91 

0.8s 

0.8s 

1.2 

074 

0.68 

■ 

117 

3*44 

S-i 

1.13 

1.9 

1.32 

1.2 

0.59 

O.HI 

? 

V 

9-1 

3.06 
2.6S 

47 
4^1 

K23 

1.24 

17 

i.S 

1.29 
1.17 

1,1 

0.90 

0,59 
0.58 

0.70 
Q.60 

A 

■ 

If 

10.8 
9-7 

3.17 
2.S3 

3o 
3*1 

1.06 
1.06 

r-3 

1.12 
1. 10 

1.2 
1.0 

0.62 
0.60 

0.80 
0.69 

th 

s,s 

248 

2.8 

1.07 

1.2 

1.07 

0.93 

0.61 

0.62 

1  r 

7-1 

2.07 

I.I 

072 

0.60 

071 

0.89 

0.66 

O.S9 

A 

6.1 

1.77 

0.94 

073 

0.S2 

0.68 

0.75 

0.65 

0.50 

5.0 

147 

078 

0-7J 

0-43 

0.66 

0.61 

0.64 

0.40 

71 

2,07 

17 

0.91 

0.S+ 

09S 

0^53 

0.51 

0.42 

1  r 

A 

6.t 

1-77 

15 

0.92 

0.72 

0.92 

044 

0.50 

OJS 

A 

A 

1J7 

0.84 

0.08 

0.31 

0.09 

0.32 

0,29 

0.58 

0.23 

A 

i 

3.09 
^'4S 

0.9  < 

072 

0.16 
0.27 

042 
0.61 

0.15 
0.19 

0.42 
0.63 

0,18 
0*06 

04s 
1  0.91 

0.18 
0.08 

■i 

i 

i 

1.25 

047 

0.0s 

0.37 

0,05 

0.33 

0.04 

0.32 

0,05 

No.  9 

i  , 

Q.88 

0,26 

0.01 

0.16 

0.0 1 

0.16 

0.02 

0.11 

0.Q4 
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TABLE  49. 
Elements  of  A.  S.  C-  E.  and  Light  Rails* 


i,„..^^ — ^ 

- 

r 

iiZ 

HJUd, 

r  i 

I 

J!L"T7 

1t~ 

1 

T 

n 

L 

'[«. b •', 

Indei. 

WdjEht 

Area. 

of 

Section. 

Adi 

I'l. 

a 

b 

c 

A 

e 

f 

« 

h 

i 

r 

5 

r 

Fouiid.. 

in*" 

In. 

In. 

Id. 

In. 

In. 

tn. 

In. 

In. 

la,* 

In. 

la.' 

[ft. 

iioA 

no 

l0.8o 

6i 

6J 

3l 

Itt 

iH 

I 

« 

2H 

SS-a 

2.x6 

17.2 

m 

tooA 

100 

9.84 

Si 

Si 

li 

•  H 

jA 

H 

A 

*AV 

44-0 

2.11 

14.6 

IJ! 

95A 

95 

9.2S 

sA 

sA 

2H 

itt 

»a 

tt 

A 

*M 

3B.8 

2.05 

13-3 

lis 

90A 

90 

8JI 

si 

si 

il 

<» 

2M 

H 

A 

>^ 

34-4 

1.97 

i3.a 

2,SS 

esA 

8S 

8^33 

sA 

sA 

2A 

iH 

*j 

H 

A 

zH 

30.1 

1.90 

11,1 

M? 

80A 

80 

786 

s 

s 

«i 

'i 

If 

f 

H 

aA 

j6.* 

t.8j 

loa 

2.3S 

7SA 

75 

7-33 

4H 

4H 

zH 

iH 

>H 

a 

H 

»AV 

21.9 

1.77 

91 

a-30 

70A 

70 

6.81 

4f 

4l 

2A 

>i4 

2H 

a 

ft 

«A 

19.7 

1.70 

8.2 

2.21 

65A 

6S 

6J3 

4A 

4A 

sH 

•A 

ii 

H 

* 

iH 

i6.g 

1.63 

74 

2,14  ' 

60A 

60 

5^93 

4i 

+i 

2i 

lA 

^a 

« 

H 

iHI 

14.6 

I-S7 

6.6 

1.QS 

SSA 

SS 

S^3S 

4A 

4A 

*i 

Hi 

41 

H 

tt 

lilt 

12.0 

1.50 

S-7 

197 

SoA 

SO 

4-87 

3i    1 

31 

ii 

li 

*A 

tt 

A 

ift 

9-9 

J -43 

SO 

iJS 

45A 

4S 

440 

m 

3tt 

2 

•A 

itt 

** 

ft 

ift 

8.1 

t.36 

4^3 

r78 

40A 

40 

3  94 

3i 

3i 

«i 

lA 

iM 

1 

ft 

lA^  , 

6.6 

1.29 

3^6 

1.6S 

35A 

35 

3.44 

3A 

3A 

If 

W 

iH 

H 

ft 

iH 

S-s 

1.23 

3^0 

1.60. 

30A 

30 

3.00 

3i 

3i 

>tt 

i 

iH 

» 

a 

ift 

41 

1.16 

*-S 

i.p 

2SA 

15 

2^39 

2i 

*i 

li 

a 

in 

H 

ft 

ii% 

*-S 

1.02 

1.8 

133 

loA 

20 

2.00 

2l 

2i 

Itt 

H 

iH 

A 

i 

«a 

19 

0.99 

14 

1.27 

16A 

16 

t^SS 

^i 

2| 

tii 

tt 

in 

1 

A 

itk 

i.i 

0.S9 

1,0 

1-15 

t4A 

14 

1-34 

2^ 

2* 

lA 

! 

lA 

h: 

i 

ft 

0.76 

0.7S 

0-71 

1. 02 

t2A 

12 

1. 18 

2 

2 

I 

A 

lA 

rt 

A 

ft 

0.66 

«>.7$ 

0.63 

0.96 

'oA    j 

10 

0.96 

li 

il 

tt 

ft 

tt 

« 

A 

ft 

0.40 

0.65 

046 

agj! 

8A 

8 

0-77 

lA 

lA 

H 

H 

H 

A 

A 

H 

0.26 

aS8 

0.32 

a7S 
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TABLE  50. 
Elements  of  Carnegie  Bulb  Beams. 


C 

'A 

i9 

t. 

Area 
of 

Width 
of 

Thidc- 
ncM 

Axis 

x-x. 

Axis 

j-a. 

Sec- 

of 

)t. 

tion. 

Flange. 

Web. 

I 

r 

S 

X 

I 

r 

•    S 

y 

>. 

In." 

In. 

In. 

In.« 

In. 

In.» 

In. 

In.« 

In. 

In.« 

In. 

.6 

10.62 

5.500 

0.625 

140.4 

3.64 

25.3 

4.45 

7.6 

0.84 

2.8 

2.75 

.1 

8.12 

5.250 

0.375 

1 18.6 

3.82 

20.7 

4.28 

6.3 

0.88 

2.4 

2.63 

I 

8.83 

5.125 

0.563 

95.8 

3.29 

19.4 
16.6 

4.06 

5-4 

0.78 

2.1 

2.56 

3 

715 

4.938 

0.375 

84.0 

3.43 

3.95 

4.6 

0.80 

1-9 

2-47 

.2 

7.II 

5.156 

0.469 

62.8 

2.97 

14. 1 

3.54 

4.5 

0.79 

1.7 

2.58 

.O 

5.86 

5.000 

0.313 

55.6 

3.08 

12.2 

3-43 

3-9 

0.82 

1.6 

2.50 

•3 

6.85 

5-094 

0.531 

45.5 

2.57 

II.7 

3. II 

H 

0.79 

1.7 

2.55 

.1 

5.32 

4.875 

0.313 

38.8 

2.70 

9-7 

2.98 

3.6 

0.82 

1.5 

2.44 

.2 

5.00 

4.524 

0.430 

24-4 

2.20 

7.2 

2.61 

2.7 

0.73 

1.2 

2.26 

.O 

4" 

4-17fi 

0.281 

21.6    2.28 

6.1 

2.46 

2.2 

Q7^ 

I.O 

^•^9 

TABLE  51. 
Elements  of  Carnegie  Bulb  Angles. 


i 

1 — ^' 

* 

A 

t. 

Area 

Width 

Thiclc- 

Axis 

x-x. 

Axis 

2-2. 

•T 

of 
Sec- 
tion. 

of 
Flange. 

ness 

of 

Web. 

>t. 

I 

r 

S 

X 

I 

r 

S 

y 

). 

In.« 

In. 

In. 

In.« 

In. 

In.» 

In. 

In.- 

In. 

In.» 

In. 

.0 

9.41 

3.500 

0.625 

1 16.0 

3.55 

21.6 

4.62 

6.2 

0.82 

23 

0.77 

.6 

7.80 

3.500 

0.484 

104.2 

3.66 

19.9 

4.75 

5.0 

0.80 

1.8 

0.72 

.8 

6.41 

3.500 

0.438 

69.3 

3-33 

14.5 

4.21 

4.3 

0.82 

1.5 

0.72 

•3 

5.66 

3.500 

0.406 

48.8 

2.95 

11.7 

3.83 

3.7 

0.81 

1.3 

0.71 

.0 

5.81 

3000 

0.500 

36.6 

2.51 

lO.O 

3.34 

2.9 

0.71 

1.3 

0.70 

3 

5.37 

3.000 

0.438 

34.9 

2.56 

9.6 

3.36 

2.6 

0.69 

I.I 

0.68 

.1 

4.71 

3.000 

0.344 

32.2 

2.6l 

8.7 

3.30 

2.7 

0.76 

1.2 

0.72 

•3 

5.06 

3.000 

0.500 

23.9 

2.16 

7.6 

2.84 

2.5 

0.70 

I.I 

0.71 

.0 

4.38 

3.000 

0.406 

21. 1 

2.19 

6.7 

2.84 

2.3 

0.72 

1.0 

0.69 

.8 

4.04 

3.000 

0.375 

20.1 

2.21 

6.6 

2.96 

1-9 

0.69 

0.82 

0.65 

4 

3.62 

3.000 

0.313 

18.6 

2.28 

5.7 

2.71 

1.8 

0.70 

0.75 

0.64 

0 

2.94 

2.500 

0.313 

10.2 

1.86 

4.1 

2.49 

0.95 

0.57 

0.49 

0.57 

3 

4.21 

3.500 

0.500 

8.7 

1.44 

3.7 

1.65 

3.9 

0.96 

1.5 

0.99 

2- 

^•^... 

i.«coo 

o.n? 

.  -.70 

i.«;o 

-ii- 

'♦77 

-H_ 

0.04 

1.2 

0.04 
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TABLE  52. 
OP  Caanbgib  H  Bbams. 

rf 

^^      ■ 

Ji 

:i 

Depth 

of 
Beam. 

wt. 

Area 
of 

Sec- 
Uon. 

of 
Flange. 

Thick- 

neM 

of 

Web. 

Aztai-z. 

Azto»-s.        1 

I 

r 

s 

I 

r 

s 

In. 

Lb. 

I]i.> 

In. 

In. 

Ia.« 

In. 

In.* 

In.« 

In. 

h^ 

8 
6 
5 

4 

34.0 
23.8 
18.7 
13.6 

10.00 
7.00 
5.50 
4.00 

8.0 
6.0 
5.0 
4.0 

•375 
.313 
.313 
.313 

"54 

23.8 
w-7  . 

340 

28.9 

I5X> 

9.5 

351 
14.7 

1.87 

MS 
1.20 

OSS- 

8J 

11 
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TABLE  53. 
Carnegie  Trough  Plates. 


^-4 ^ 

U^ 

/ 

4 — -a- 

i^ 

— *|*- — a 

1^ 

\_ 

-+-— ^ 

1                1 

Elements  of  Trough  Plates. 

Single  Section. 

Riveted  Section. 

Section 

Si*e. 
Indies. 

Weight 
per  Foot. 
Pounds. 

Indies. 

d. 
Inches. 

Weight  per 

Square  Foot. 

Pounds. 

Section 

Modulus,  One 

Foot  Width, 

Inches*. 

M14 

9iX3i 

23.2 

8 

6i 

34.8 

15.58 

M13 

9JX3i 

21.4 

8 

61 

32.1 

14.28 

M12 

9iX3i 

19.7 

8 

6i 

29.6 

13.00 

Mil 

94X31 

18.0 

8 

6i 

27.0 

11.79 

Mio 

9JX3i 

16.3 

8 

6 

24.5 

10.69 

Allowable  Uniform  Load  in  Pounds  per  Square  Foot. 

span 

Fiber  Streas, 

16.000  Lbs.  per  Sq.  In. 

Fiber  Stress,  12,000  Lbs.  per  Sq.  In. 

Feet, 

M14 

MI3 

M  la 

M  II 

M  10 

M  14 

M  13 

M  12 

1 
M  II          M  10 

5 

6647 

6093 

5547 

5030 

4561 

4986 

4570 

4160 

3773 

3421 

6 

4616 

4231 

3852 

3493 

3167 

3462 

3173 

2889 

2620 

2376 

7 

3392 

3109 

2830 

2567 

2327 

2543 

2331 

2124 

1925 

1745 

8 

2597 

2380 

2167 

1965 

1782 

1948 

1785 

1625 

1474 

1336 

9 

2052 

1880 

1712 

1553 

1408 

1539 

I410 

1284 

1 164 

1058 

ID 

1662 

1523 

1387 

1258 

II40 

1246 

1 142 

1040 

943 

855 

II 

1373 

1259 

1 146 

1039 

942 

1030 

944 

860 

780 

707 

12 

IIS4 

1058 

963 

873 

792 

866 

7Q3 

722 

655 

594 

13 

983 

901 

821 

744 

675 

738 

676 

615 

558 

506 

14 

848 

777 

707 

642 

582 

636 

5S3 

531 

481 

436 

15 

739 

677 

616 

559 

507 

554 

509 

462 

419 

381 

16 

649 

595 

542 

491 

445 

487 

446 

406 

368 

"1 

17 

575 

527 

480 

435 

395 

431 

395 

360 

328 

296 

18 

513 

470 

428 

388 

352 

385 

353 

321 

291 

264 

19 

460 

422 

384 

349 

316 

345 

316 

288 

261 

237 

20 

415 

381 

347 

314 

285 

312 

286 

260 

236          214 

The  values  given  in  a 

bove  tables  are  the  safe  loads  per  square  foot  of  floor  surface  and  are 
istance  of  the  riveted  portion  within  distance  a. 

based  upon  the  average  res 

The  weight  of  the  pla 

tes  are  included  in  the  safe  loads  and  must  be  deducted  to  obtain  the 

net  luperimposed  safe  load 

Safe  loads  for  other  fi 

ber  stresses  than  those  given  in  table  may  be  obtained  from  the  values 

given  by  direct  proportion 

of  the  fiber  stresses. 

The  weight  per  square 

foot  does  not  include  the  weight  of  rivet  heads  or  other  details. 
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TABLE  54. 
Cabnbgib  Corkugatbd  plates. 


=%d 

^^ 

^T\i4 

Jf 

^=^ 

AA 

u 

^^^ 

u 

dL/ 

^ 

yj^ 

yj^ 

Elbmbmts  op  Coerugatbd  PLATBS. 

single  Section. 

Rlvtted  SKtioo. 

Section 
Index. 

SlK. 

Incheo. 

W<^per 
Pounda. 

In&M. 

I^ 

Wdfl^tper 
zminaa. 

Sec 
Mod 

One 
Wl 
Ind 

M35 

12A  X  2l 

23.7 

i»A 

2| 

23.3 

4- 

M34 

12A  X  2H 

20.8 

iaA 

aH 

20.4 

3- 

M33 

12A  X  ^\ 

17.8 

wA 

af 

17.5 

3.: 

M32 

8i    Xi| 

12.0 

8i 

i| 

16.5 

I< 

M31 

8i    XiA 

10. 1 

81 

lA 

13.8 

l-i 

M30 

8i    XiJ 

8.1 

8! 

li 

II.5 

I.l 

Allowable  Uniform  Load  in  Pounds  per  Square  Foot. 

Feet. 

Fiber  Stren,  x6.ooo  lb.  per  sq.  In. 

Fiber  Strega,  xa.ooo  lb.  per  aq.  in. 

M35 

M34 

M33 

M32 

M3X 

M3O 

M35 

M  34  !   M  33      M  32  1   M  31  !    » 

1 

5 

1873 

1638 

1400 

832 

661 

469 

14OS 

1229 

1050 

624 

496  ;  3 

6 

1301 

1138 

972 

578 

459 

326 

976 

853 

729 

433 

34* 

2 

7 

956 

836 

714 

425 

337 

240 

1^1 

627 

536 

318 

253 

I 

8 

732 

640 

547 

325 

258 

183 

549 

480 

410 

244 

194 

I 

9 

578 

506 

432 

257 

204 

145 

434 

379 

324 

193 

153 

I 

10 

468 

410 

350 

208 

165 

"7 

351 

307 

262 

156 

124 

II 

387 

339 

289 

172 

137 

97 

290 

255 

217 

129 

103 

12 

325 

284_ 

243 

144 

115 

82 

244 

213 

182 

108 

86 

' 

13 

^n 

242 

207 

123 

98 

69 

208 

182 

155 

92 

73 

14 

239 

209 

179 

106 

84 

60 

179 

157 

134 

80 

63 

IS 

208 

182 

156 

92 

74 

52 

156 

137 

"7 

69 

SI 

The  values  given  in  above  tables  arc  the  safe  loads  per  square  foot  of  floor  surface  and 
based  upon  the  average  resistance  of  the  riveted  portion  within  distance  a. 

The  weight  of  the  plates  are  included  in  the  safe  loads  and  must  be  deducted  to  obuin 
net  superimposed  safe  load. 

Safe  loads  for  other  fiber  stresses  than  those  given  in  table  may  be  obtained  from  the  val 
given  by  direct  proportion  of  the  fiber  stresses. 

The  weight  per  square  foot  does  not  include  the  weight  of  splice  bars,  rivet  heads  or  other  detJ 

110 


TABLE  55. 

Buckle  Plates. 

ahericak  bridge  company  standard. 


-f  ^— tfj^—- 4"-'*ifi* f— -4<iK- -H"--4t|^        -^dK 


1/ 


IWHV^K~71NM 


1/    \\\/]\\\ 


I 


Si2«  of  Buckle, 


1-1 1 

4-6 
3-11 
3-6 

3-9 

1-  I 

,-9 

J- 8 
i-  9 

1-8 

3-8 
3-0 
2-9 
a-  6 
1-9 

2-  6 

5-  S 
3^6 
3-6 
1-9 

3-  » 

3-0 

3-  I 

2-6 

^  0 

3-6 

4-  0 


Sideb. 
Ft, -In. 


4-6 
3-u 
3-  6 
3-u 
3-  9 
3-  9 

r-i 

3-  8 

2-  8 

3-8 
a-  1 

3-  o 

2-  9 
a-  9 
a- 6 
a-  6 
3-6' 
3'  S 
3-9 

3-  6 

3-  » 
3-  a 

3-  I 

3-0 

2-  O 
2-6 

S-6 

4-  o 


RiAcd. 


3* 

3 
3 
3 
3 
3 

2 
1 
2 
2 
2 
2 
3 

4 

li 
li 

3 
3 
3 
3 
3 
3 
3 

3i 

3 


RadU  of  Buclde. 


Side  I 


Side  b. 
Ft.-In. 


Number 
of 

Buckles 
in  One 
Plate. 


to  10 
to  8 
to  8 
to  II 
to  8 
to  14 
to  8 
to  10 
to  II 
to  12 
to  II 
to  12 
to    9 


to  10 
to  10 
to  10 
to  12 
to  15 
to  s 
to  9 
to    7 


Widthfl  of  Flaiij£e«  and  FiUeu. 


EndFlanBea 


it 


>   ia 


=1 


Pnieti 


'9 
s 


SideFlanget 
bi.  bi. 


•5  El 

in  ts  m  cr 

«   O   ^ 
5  4>  o  ** 

':-■« 

rt    w    C 

-  o  JH 

C^    P 

«  c  c 
V  L.  c; 

1^  t,  g  ij 


^ 


Platcf  arc  steel  1'',  -ff'\  |"  or  A"  thick. 

Plate!  of  Rreatcr  length  than  given  in  table  may  be  made  by  splicing  with  ban,  angles,  or  lees. 

All  -'   •        -^  made  with  buckles  up,  unless  otherwise  ordered.     When  buckles  arc  turned  down, 
*  ^rain  ki  be  punched  in  the  center  of  each  buckle  and  should  be  shown  on  sketch. 

Biiu :  Jitferent  tizef  should  not  be  used  as  it  increases  the  cost  of  the  plate. 

Connection  holes  are  generally  for  |",  J"  or  §"  rivets  or  bolts.     Different  sized  holes  In  same 
(>larr  m]\  increase  the  cost  of  the  plate. 

for  holes  lengthwise  of  plate  should  be  in  multiples  of  3"  and  should  not  exceed  11". 
'I  be  at  end  of  plate  and  in  even  J".     Minimum  spacing  crosswise  4J'\  usually  6"* 

i>ic  ti'jralx^r  mu^t  be  shown  on  drawings. 

Sketches  hr  Buckle  Plates  should  indicate  allowable  overrun  in  leniarth  and  width. 
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TABLE  56. 

Propbrtibs  of  C(x.umn  Sections. 

_5 

^  i  ^ 

=??=" 

Three  Mkam 

i 

^ 

Minimum 
I-Bisim 

=.  1  ^ 

^ 

Seriib  t 

Ss§tim&l. 

Sekies  IL 

AND    11, 

FlatiEe 

Wtb 

MQaieats  of  Inertia  asd 

1 

Wfcb 

Moments  of  Inertia  aad 

BnamH. 

Beam. 

RadU  of  G^ratbn. 

Beam. 

B^dJi  of  Gyialion, 

^ 

Toial 

Total 

In. 
lO 

i 

1 

1 

Area. 

^d«A-A. 

A*il  B^-B. 

1 

& 

Anefl. 

Ajiii  A-A. 

AzkB^l 

u 

ta 

H 

tb 

u 

ta 

Ib 

! 

Lb, 
^5 

In. 

Lb. 

Ifl.* 

In/ 

In. 

In.* 

In. 

In, 

Lb, 

In,' 

In* 

In. 

In,* 

1 

8 

ig 

20.07 

24S 

3  51 

3^5 

4.02 

9 

21 

21.05 

H9 

344 

418 

A 

as 

10 

IS 

llAl 

^51 

3^37 

528 

4^«9 

12 

3I'S 

24-00 

254 

3-^5 

78^ 

i 

30 

« 

18 

22,97 

272 

3^44 

3^7 

4.M 

9 

21 

^3-95 

174 

3^38 

494 

4 

30 

10  25 

2501 

m 

3*3^ 

619 

4-97 

12 

3>S 

26,90 

278 

3.21 

91s 

1 

35 

8|i8 

25.91 

297 

3^3S 

4SS 

4.19 

9 

21 

26.89 

298 

3*31 

576 

4 

n 

J  10 

25 

i7-9S 

300 

3.27 

717 

S.06 

12 

vs 

29.84 

302 

LIS 

1050 

i 

12 

31.S 

10 

i5 

25.89 

439 

4.12 

635 

4-95 

12 

31-5 

27.78 

441 

3.98 

941 

i 

** 

3I-S 

IS 

4* 

31.00 

446 

379 

i5Sa 

7.07 

18 

55 

3445 

m 

3^63 

3373 

t 

I* 

3S 

to 

i'? 

27-9S 

4H 

4-07 

701 

<;.oi 

12 

3i^S 

29.84 

466 

3-95 

1032 

i 

35 

15 'U 

33.06 

471 

3.78 

1688 

7.14 

18 

S5 

36.51 

478 

3^62 

^565 

f 

*' 

40 

10  25 

31-05 

545 

4-19 

797 

5.06 

12 

31-5 

3^-94 

547 

4.08 

1162 

1 

40 

15  42 

36.16 

5SZ 

3-91 

1884 

7.22 

18 

55 

39.61 

559 

376 

2841 

f 

\s 

41 

10 

■iS 

32.33 

890 

S.24 

828 

S.06 

12 

31-S 

34.22 

893 

$.11 

1206 

; 

4^ 

IS 

43 

37-44 

898 

4.89 

ms 

7-22 

18 

55 

40,89 

905 

4-70 

2939 

i 

45 

10 

-3 

33-S5 

919 

521 

876 

5.09 

12 

31-S 

3S-74 

9^1 

5-07 

1274 

I 

45 

15 

41 

38.96 

926 

4^87 

2054 

7.26 

iH 

SS 

4241 

933 

4-69 

3082 

# 

50 

io;2s 

36-79 

974 

5-14 

974 

s  14 

12 

3i*S 

38,68 

976 

5.02 

1408 

t 

50 

15I42 

41.90 

981 

4.84 

22^-4 

7*1^ 

iS 

SS 

453S 

988 

4.67 

3360 

g 

ti 

60 

lo  25 

42.71 

I22S 

5-43 

1165 

S^^i 

12 

31 S 

44.60 

1228 

5.24 

1668 

t 

60 

15  i  4^ 

47^^^ 

1^53 

5-07 
6.24 

2641 

7'45_ 
6.01 

iK 

55 

5i-^7 

1^39 

4-91 

3901 

t 

iB 

SS 

12  31.5  4r.i2 

1601 

1496 

I^ 

42 

44-34 

1606 

6.02 

2388     7 

** 

SS 

iS 

S5    |47'7? 

16 1 2 

S-8f 

3SS^ 

8.62 

20 

65 

50.94 

1619 

|:SJ 

454^5     5 

60 

12 

3 '5:44^5^ 

1693 

6.J6 

1652 

6.0;) 

I^ 

42 

47.7H 

i6*jS 

2622 ''    7 

60 

iS 

SS      Si-^l 

'705 

S-77 

3S79 

8.70 
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Hcat-icr  web  bcamsj  of  same  depth  as  those  given  In  table,  majr  be  substituted  by  itibiraci 
area  and  moments  of  inertia  of  given  beam,  respectively,  from  values  given  in  table,  and  add 
the  corresponding  properties  of  new  beam.    The  radii  01  gyration  must  thea  be  recalculated  fr 
the  formuU  r  -  JI  ~h  A. 
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TABLE  58. 
Properties  of  Column  Sections. 
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The  table  given  above  is  intended  to  serve  only  as  a  guide  in  the  choice  of  sections,  and  i 
complete  table.     The  properties  of  sections  not  given  in  table  may  be  found  as  follows: 

Example  i:  Required  the  properties  of  a  section  consisting  of  2  [s  10  in.  at  15  lb.,  lac( 
flanges  turned  in,  loJ  in.  back  to  back. 

From  Table  14,  Area  =  8.92  in.*. 


/^  =  Ix  from  Table  20  =  133.8  in.*;  r^  =  V/^^  ^  J  =  V133.8  -J-  8.92  =  3.87  in. 
Ig  =  ly  from  Table  20  =  194  2  in.*;  r^  =  V/^  -r-  J  =  Vi94.2  t-  8.92  =  4.68  in. 
Example  2:  Required  the  properties  of  a  section  consisting  of  2  [s  10  in.  at  15  lb.,  lac( 
flanges  turned  in,  12  in.  inside  to  inside  of  web. 

From  Table  No.  14,  Area  =  8.92  in.*.  

/^  =  Ix  from  Table  21  =  133.8  in.*;  r^  =  V/^^^JT^  «  V133.8  -J-  8.92  =  3.87  in. 
Ig  -  ly  from  Table  2i  =  284.4  in.*;  r^  =  V/^  -7-  J  ==  V284.4  -r  8.92  =  5.65  in. 
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32s 

4.fc 

it 

10.00 

[i  .    t-t 

17-09 

161 

3.07 

312 

4.28 

it 

11 

18.07 

163 

3.00 

398 

4^9 

iS'<30 

\ 

20.03 

186 

30s 

377 

4-34 

21.01     187 

2.98 

477 

4-771 

[2 

10.50 

9  21.00 

18.37 

261 

3-77 

419 

4.78 

10 

15.00 

19.43     263 

3-68 

C22 

5.18 

25.00 

21.01 

293 

3  74 

^m 

4.81 

21.07  1  295 

366 

60s  *  5  *4 

30.00 

"  1  " 

23-95 

329 

3-70 

56H 

4.87 

25.01     330 

3.63 

7DI     53^ 

35.00 

26.Sg 

364 

3,6S 

6j2      4.91 

27.9s     366 

3^62 

8or  ,  S'35 

"  40.00 

29.83 

399 

3.W. 

740     4.9S 

30.89 

401 

3.60 

90s  '  54^ 

1 

IS  I3J-00 

10 

25.00 

27.17 

611 

4.82 

803      5.44 

12 

3yo 

29.06 

63s 

4-67 

1146     6.jl 

::  3s.«> 

li 

27-95 

647 

4.3i 

829      5.45 

IC 

29.84    650 

4.67 

1181     M 

40,00 

l< 

30«9 

702 

4-77 

927      54S 

i< 

(1 

32.78 

705 

4.64 

13  "7  1  f'U 

'     4SM 

33-85 

7i7 

473 

1030  1   5.52  , 

3574 

760 

4.61 

1457    M 

"    50-00 

*' 

«t 

36-79 

812 

4-70 

1 135  ,   5-55 

38.68, 

Sis 

4B9 

1600  1  64J 

"  ,  S.VOO 

t« 

it 

3073 

867,4.67 

1244      5-6o 

fi 

"             41-62 

870 

457 

1747     M 

The  tabic  given  above  h  intended  to  acrve  onlfas  a  guide  in  tbe  choice  of  sections,  »nd  not  n  i 
complete  table.     The  properties  of  sections  not  given  in  the  table  may  be  found  as  follows: 

Example:  Required  the  properties  of  a  section  consisting  of  2  [s  10  in.  at  20  lb.,  flanges  turned  outt 
ftnd  one  1 9  in^  at  2t  lb. 


Item. 

A 

Ia 

Ib 

rA               n 

Num-       Sec-                        m»*» 

Table.  1     In.« 

Table. 

In.« 

Table. 

In.« 

In.                In. 

2            [s           10  in.  at  20  lb. 
I      i      I      1       9  in.  at  21  lb. 

14        11.76 
7     1    6.31 

19 

7 

157-4 
5* 

19 
7 

3127 
84.9 

/162.6   1      '397:6 
A  18.07     ^  18.07^ 

1            1       Total                                 1  18.07 

X62.6 

397.6 

3.00  1       4-69 
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^K                                              TABLE  61. 

1 

■ 

■ 

■ 

Properties  of  Column  Sections, 

^ 

^ 

Ckuuidand  Ulk^m                         ^"~ 

\    ;     f 

-A 

Mininnim  I-E 

llA. 

i     !     \ 

Section, 

for  Web. 

h 

Sewe?*  I. 

SCRISS 

n. 

Momenta  of  Inerth  and 

Motnenta  of  Inertia  and 

I     Web  Beam. 

Total 
Area. 

Kaoii  of  Gyration. 

Web  Beam. 

Total 
Area. 

Radd  of  Gymtlba. 

1!* 

Axis  A- A. 

Axis  B-B, 

i 

i 

Axis  A-A. 

Axia  B-B, 

;. 

q;    ^ 

U 

In. 

Id     1    rB 

^ 

1a 

TA 

In 

n 

In,      Lb.     I     In** 

ln.« 

ln<    ,    In. 

In        Lb. 

In.' 

In.* 

In. 

ln.« 

In. 

>      7,15-00       9,18 

29 

1.77  1       86  1  3.06 

8     jS.OO 

10.09 

30 

172 

123 

349 

1  I 

* 

10.60 

33 

1.76 

106     3  16 

*i  1       u 

II.51 

34 

1.72 

149 

3.60 

''  ^ 

1^.00 

10. 12 

45 

2.11 

95 

3.07 

8 

18.00 

11.03 

46 

2.04 

t35 

3.50 

** 

11.62 

51 

2.10 

U7 

3-17 

** 

1  ** 

12-53 

52 

2.04 

163 

3.61 

:     8 

tS.oo 

12.05 

6» 

2.3H 

149 

3.52 

9 

21.00 

13,01 

70 

2.32 

203 

3  95 

134* 

76 

2.38 

174 

3.60 

1  " 

H39 

77 

2.32 

234 

4-03 

(i^ 

al.00 

14.09 

xoo 

2.66 

22t 

3.96 

lo 

25.00 

15.15 

lOI 

2.58 

292 

4^39 

15.13 

107 

2.66 

244 

4.02 

'* 

** 

16.19 

109 

2.59 

321 

445 

r    44 

H 

18.07 

127 

2,6s 

3H 

4  t7 

•( 

** 

19  13 

129 

2.60 

405 

4.60 

;:■;? 

ai.oo 

15.23 

139 

3,02 

240 

3-97 

10 

>  25.00 

16.29 

141 

294 

316 

4.40 

18.07 

1^3 

3.00 

305 

4. 1 1 

19.13 

164 

2.93 

396 

4o5 

.      it 

it 

21.01 

187 

2.98 

378 

4-24 

*i 

*i 

22.07 

189 

2.93 

483 

4,68 

t    ID 

*s,i» 

1943 

163 

3.68 

383 

4.44 

12 

31. p 

21.32 

266 

353 

599 

5'30 

,      *t 

(t 

22-07 

29s 

3.66 

458 

455 

«i 

23,96 

298 

3.52 

705 

542 

^      rt  j 

35.01  Ijioj 

5.63 

545 

4.67 

26.90 

333 

3.52 

827 

5'54 

**  1       ** 

i7'9S 

36<) 

3.62 

637 

4-77 

29*84 

3t^ 

3.5  J 

954 

S,66 

1 

30.H9 

401 

3.60 

732 

4.87 

It 

32.78 

404 

3-51 

1086 

576 

la 

3«;^ 

29,06 

635 

4.67 

855 

54a 

«.? 

42.00 

32.28 

640 

4  45 

M58 

6.72 

1    ^ 

29.8^ 

6^0 

467 

887 

545 

n 

53-06 

655 

445 

1507 

6.7. 

1    ** 

M 

3278 

70<; 

4.64 

lOlO 

5-55 

•* 

n 

36.00 

710 

444 

1694 

6.86 

•*       *i 

^574 

760 

4.61 

1138 

5.^ 

ii 

38.96 

76s 

443 

1887 

6.96 

;8.68 

815  1 

4.59!   1268 

5.73 

41.90 

820 

4.42 

2083 

7.05 

i 

4162 

870  1 

4.57     1403     581 

1.41      1              »l 

44.84 

&75 

4.41 

2284 

7«5 

•bic  given  above  is  intended  to  *cr\'c  onlv-  as  a  ^uidc  in  the  ch 

oicc  of 

section 

s»  and  ] 

not  as  a 

I 

abic.     The  properties  of  section*  not  j^ivcn  in  the  tabic  may  I 

?e  foui 

id  as  fo 

Uow»; 

1 

LpUi  Required  the  properties  of  a  section  consisting^  of  2  [s  10  i 

n.  at  2 

0  Ik,  f\. 

inpes  ti 

irned  in         | 

}  in.  at  21  lb. 

ttem. 

A 

U           1 

In 

'A 

rn 

^n.' 

si». 

TabJe. 

In." 

Table. 

In.* 

Table. 

In.* 

In. 

In 



U 

10  in.  at  2o  lb. 

H 

U.76 

21 

157.4 

21 

220.2 

,162 

^l8: 

,.b 

\ 

305- 1 

I 

9  In-  at  21  lb. 

7 

631 

7 

S'2 

7 

84.9 

07 

18.07 
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;  18.07 

ir.2.6              1 

305.1 
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4,n 
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-iO 

«^ 

4JS 
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'-^^ 

-.V* 
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349    3-33 
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^ 
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3M7 
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^^• 

xv^ 
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V(» 

M 

34-^ 
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•-. 

^*S 
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4.SJ 

37-19 

Tan    -4-41 
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N 

^ 

.^^c 

i.» 

i»i 

3S-74 

66^    ^11 
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•>xo 
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3946 
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MctM.               1      Radios  of  Gvaoux. 

\A**8-& 

AxteA-A.      A»l-.]. 

>.,-   '» 

Itt.* 

la.                 Is. 

;  ^53.36 

*-    ■    204i> 

ta  -  414  r*  -  tkjT 

^^^^                                      TABLE  65. 

^ 

™ 

^            PaoF&&Tt£s  OF  Two  Channels  and  a  Built  I-Beam. 
Flanges  Turned  In. 

^ 

r^      1      ^ 

Z1 

PtaperUes  of 
Two  Chanocb                            .  j^* 

!-   i   - 

J                                     Chaojicl  FlAHfCB  In. 
3,  ^..^                        Distance  Inside  to  Inside 
1                                        Of  ChmntieU  Equal* 
)\     *                          Width  of  W«b  Plate  Plus  |". 

hi: 

^ 

«Dd«. 

Senea  1.                                 { 

Serie»  3, 

1 

0 
'7? 

8 

< 

i 

AsU  A-A. 

AxifB-B.    1 

J 

1 

M 

J 
1 

AjcU  A*A. 

Axii  B-B. 

5S  . 

n 

1    i   §2  . 

S     3 

M 

5!    - 

A      1     Ia 

fA 

U 

»"B 

A 

U      u 

1b 

fb 

la. 

tn. 

1d.«    1    ln> 

In. 

In.< 

In. 

Itt. 

In.s 

ln.«   1     In. 

In.« 

In. 

4« 

it 

21.68 
24.32 
27.26 

269 
301 
3J6 

3-52 

352 

3-52 

453 
535 
631 

4.%7 
4-70 
4.81 

23.68 
26.32 
29.26 

270 
302 

n? 

3.38 
3.38 
3-39 

683 
798 
930 

5.38 

5-53 
S.64 

14 

27.23 
29.87 
32.81 

282 
314 
349 

3.22 

3H 

3.2s 

I0S4 
1205 
1380 

6.22 

6.35 
6.49 

i6xi 

a 

29.98 
32.62 

35-5^ 

283 

3«5 

3  SO 

3-08 

3  11 
3,14 

1449 
1644 
1867 

6.93 
7.10 
7.25 

54.22 
35.00 
37  m 

la 

721 

4.36 

4.36 
4.36 

1034 

1068 

I20t 

S.50 

5'Si 
5.63 

'If' 

34.97 

38.69 

IS 

721 

4.31 

4.32 

4*32 

1431 
1652 

640 
6.43 
6.54 

4^1 

i6xi 

4( 

57.24 
38.02 
40*96 

663 
677 

,  733 

4^22 

4.22 

4-33 

1963 

2021 
2245 

7.26 
7.29 
741 

i8x| 
It 

a 

40.24 

41.02 

4396 

667 

679 

735 

4.07 
4.07 
4.09 

2582 
2655 

2933 

8.01 
8,05 
8.18 

Kwe  table  U  inteiided  to  serve  only  as  a  gindc  In  the  choice  of  sections  and  not  ai  a 
^.     The  properties  of  sections  noi  given  in  table  may  be  obuincd  as  follows: 

com- 

pie: Determine  the  properties  of  a  section  composed  of  z  channels  15"  X  55  ib„  i 
And  4  angles  4"  X  4"  X  V,  i8i"  back  to  back. 

pute 

I 

db: 

Item. 

Area, 

Moment  or  Inertia. 

Radiiw  of  Gyrmtion. 

Anh  A-A. 

AjiI»  B-B. 

Axi.  A-A. 

AjiI*  B-B. 

Table 
No. 

A 

Table 
No. 

K 

Table 
No. 

In 

-V  IahkA 

-i/Ib^^^a 

It..« 

Jn,< 

In.* 

In. 

Ih. 

af»i5"«55  Ife- 
t^4'V4" 

31 
t 

31 

32.36 
Il,2S 

iS-oo 

21 
4 

35 

860 

0 

56 

21 

3 

2716 
969 

\  58.61 

'39«9 
\5S-6i 

TauJ 

A« 

58.61 

u- 

916 

Ib=     3989 

^-3.96 ' 

^  »  8,25 

^^^                                             119 

J 

^^ 

TABLE  64. 
Properties  of  One  Channel  and  One  I-Bbam. 
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I/+  ^-ir-  \l 

PropertSBoT                              A    "^  \          1       +    M 

^QpcTliei  of 

One  Clianiitl                                  --[   "     |"    "J      ^ 

One  Channd 

and  Ooe  I-B«aiii*                                     (1"'""|       V          ■ 

ttnd  Ooe  l*B«am 

Ser.  t  &  3. 

Series  I. 

Sedci?. 

Beam. 

Chana/tL 

1 

1 

Ax^A-A. 

AjdB  B-B. 

OuianeL 

i 
1 

A^A-A. 

Adifr 

4 

& 

In. 

1 

1 

Lb. 
IS 

4 

» 

1 

go 

=1 

if 

1 

1 
1 

11: 

A 

u 

U 

e 

Ib 

r» 

A 

Ia 

Fa 

e 
In. 

li 

In. 

Lb. 
6i 

!□.> 

ln,< 

In. 

In. 

In.» 

la. 

In. 

Lb. 

111,* 

In.* 

In, 

II.. 

728 

77 

3-SS 

0.99 

11.2 

1.24 

6' 

8 

771 

80 

3.22 

1.13  1 

iM 

a 

20i 

II 

7.91 

81 

3.20 

0,91 

114 

1,20 

li 

14 

8.41 

84 

3^16 

1,04 

17.0 

9 

21 

6 

8 

8.69 

It6 

3^65 

r.iS 

18,1 

14s 

8 

III 

9,66 

124^ 

3S8 

1.44 

37.5 

II 

as 

(( 

41 

9-73 

IH 

3^57 

1.02 

ia,6 

1.38 

f« 

II 

10.70 

133  1 

3  S3 

1.30 

379 

lo    25 

6 

8 

97S 

i6z 

4.0S 

t.T4 

19,9 

^43 

8 

"l 

10,72 

173 

4.02 

MS 

39-a 

- ;  50^ 

it 

it 

1 1. 20 

176 

3-97 

0.99 

20.6 

1.36 

fi 

II 

12.17 

188 

393 

1.28 

m 

lai  3^1 

8 

III 

t2.6l 

29S 

4-84 

I. so 

41^8 

I,S2 

10 

'i 

13-7^ 

313 

4-77 

1.82 

764I 

»* 

40 

4i 

It 

1519 

3S3 

4J2 

1.J5 

46.1 

174 

u 

16.  JO 

373 

4.78 

1^53 

80.7 

'J 

4a 

8 

1.1 

15^83 

578 

6.04 

1,51 

46.9 

1.72 

10 

IS 

16.94 

610 

6.00 

1.87 

81.  ' 

<l 

12 

2Qj 

ISSI 

649    5.92 

2-31 

142.7 

2.78 

15 

33 

22.38 

729 

5-71 

3.15  r^i'i 

<( 

so 

8 

"i 

18.06 

624   ^M 

1,32 

4S.3 

1.63 

10 

IS 

19*17 

658 

S-S6 

1.65  \    Si,9  i 

if 

1* 

13 

lOi 

20,74 

702    S-Si 

2.06 

144.1 

2,64 

^5 

33 

24.61 

791 

S-67 

2J6  1  338.6 

i( 

60 

8^iii 

21.00 

754   S-99 

in 

sftj 

1.67 

10 

IS 

22.13 

791 

5.98 

143  '    9-9 

ii 

St 

12     30i 

23.68 

838    595 

1.80 

1 54- 1 

I'SS 

IS 

33 

27-57 

938 

S-83 

2.55    3J8.6 

IS 

5S 

8     Mi 

19.28 

1004   7.21 

1.50 

S3*S 

1.67 

1 1° 

IS 

20.39 

1056 

7.19 

1.88  i    88.1 

«(         (* 

12 

^oi 

21.96    1122  iZ-l+I 

MS 

149.3    2X>1 

1*^ 

33 

25.83 

I2S7 

6.97 

3  3o;333'S 

"     6s 

g 

III 

22.47 

1096   6.9S 

I,2S 

55.8    1.58 

to 

IS 

23^58 

1151 

6.9S 

1.63  1    904 

It 

11 

12 

iOi 

25^15 

1223    6.97 

2.06 

151.6  ,2,46 

T5 

33 

29.02 

1373 

6.88 

2.94    33*^'^ 

u 

^? 

8 

Ml 

25,40    1360     7.32 

1.14 

78.7    I7^> 

10 

IS 

26.51 

J418 

7-3 1 

14s  mi 

u 

- 

20i 

28.08     1494 

7.29 

1.84 

174'3 

2.49 

IS 

33 

319s 

1656 

7.24 

2.67    }S^S 

20 

If 

8 

Hi 

22.43     1416 

8.00 

144 

60,2 

r.64 

10 

IS 

25.54 

1507 

8.00 

1J2     94.S 

n 

12     20i 

25,11  ,159+    7-97 

2.30 

I  £;6.o  "  2.49 

15 

33 

28.9S 

1779,7*84 

3*29    3405 

it 

70 

8    iii 

2J.9+  |H«9|7-89'  1.35 

61.3  1  1,60 

10 

IS 

25.05  1156217.89 

1.71  1    95-9 

it 

C4 

13    20I 

26.62  '1652    7.88 

2,17 

157-1    2-43 

15 

33 

30.49  I1846    7-79 

3.12    UI.6 

" 

80 

8     II: 

27.08    1741    8.02 

1. 19 

78.1 

1.70 

10 

IS 

28.19 

1816    8.03 

1.52 

111.7 

4< 

ii 

12     10 

29.76    1912    8.02 

im 

173-9 

2.42 

15 

33 

33^63 

2120  j  7^94 

2.83 

3584 

14 

So 

8     Til 

26.67 

248S    9.64 

..46 

7S'2 

1.68 

10 

IS 

2778 

2S94 

9.66^1.86 

iog.3 

'     li 

Af 

11     20i 

29.35 

2734  ,  9-66 

2.38 

171.0 

241 

15 

33 

33-22 

3033 

9-55 

3f 

3555 

(C 

90 

^i"t 

iqM 

264s    9*42 

1.31 

73.0 

1.62 

10 

IS 

30.93  12755    943 

1.67 

it 

It 

12  1  lOj 

33-SO 

2902   94_s 

2.15 

173  8 

2.31 

IS 

33 

3<5-37  ^3aI9 

9.40 

1.16 

35S3 

"     100 

8    itl 

3276 

2791    9.33 

1.19 

80.9 

f-S7 

10 

IS 

33-B7  52904 

9.26 

1-53 

115; 

"  1  " 

12     20i 

.1544 

305s  19-29 

1-97 

176.7 

2.23 

»s 

33 

39-31  I3337 

9.28 

t.9Z 

361.: 

"    los 

8  iii 

34-33 

3224,9.69 

1.14 

tn.2 

1.80 

10 

IS 

1  35^44  p338 

9-69 

146 

l4J-fi 

li      ii 

12     20§ 

37.01 

3492,9-71 

1J9 

2070 

2.36 

15 

33 

40.88  '3831    9.67  J  2.S1  1  351-5 
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TABLE  65. 
Properties  of  One  Channel  and  a  Built  I-Beam. 


B 

/n 

r  \ 

Propertietof 

A 

IVI 

A             Back  to  Back  of  Angles  Equals 

One  Channel 

and 

One  Built  I-Beanu 

At             I 

^              Width  of  Web  Plate  Plus  |" 

*  Top  Angles.  Short  Legs  Out. 

Bottom  Angles,  Long  Legs  Out. 

( 

e 

J 

\ 

1 

, — >i 

L 

— ^  ^ ' 

J? 

Plate. 

Channel. 

Angle*. 

Total 
Area. 

AxisA-A. 

Axis  B-B. 

Radius 

Moment  Radius 

Moment 

of  Gy- 

Eccen- 

of 

of  Gy- 

Web. 

Depth. 

Weight. 

Bottom. 

Top. 

of  Inertia. 

ration. 

tricity. 

Inertia. 

ration. 

A 

Ia 

'A 

e 

Ib 

tb 

In. 

In. 

Lb. 

In. 

In. 

ln.« 

In.« 

In. 

In. 

In.«          In.     1 

I6x} 

10 

15 

s^sbi 

3ix3§xf 

21.52 

979 

6.75 

1.20 

"5 

2.31 

u 

it 

it 

1 

tt     X 

24.96 

I166 

6.83 

0.92 

132 

2.30 

M 

« 

u 

«      s 

if      f 

28.26 

1340 

6.89 

0.71 

148 

2.29 

t( 

12 

20.5 

6x4x| 

4^4x1 

24.97 

1 144 

6.77 

I.4I 

207 

2.87 

U 

« 

«« 

"4 

**     1 

29.03 

1367 

6.86 

1.08 

233 

2.84 

M 

« 

« 

« 

it        s 

32.97 

1572 

6.91 

0.83 

260 

2.81 

i8x| 

10 

15 

sx3i^i 

3b3ixi 

24.52 

1338 

7.39 

1. 19 

117 

2.19 

a 

(( 

if 

1 

ft           1 

27.96 

1577 

7.51 

0.92 

134 

2.19 

tt 

« 

it 

it       s 

ft          5 

31  26 

1802 

7.59 

0.72 

152 

2.20 

u 

12 

20.5 

6x4x| 

4X4X1 

27.97 

1555 

7.46 

1.42 

209 

2.73 

M 

it 

»« 

** 

1 
if          5 

32.03 

1838 

7.58 

1. 10 

237 

2.72 

M 

«( 

« 

« 

35.97 

2103 

7.64 

0.86 

265 

2.71 

Mti 

12 

20.5 

6x4xf 

4X4xi 

28.97 

1971 

8.24 

1.52 

209 

'•^ 

ti 

« 

«« 

**     4 

"      } 

33.03 

2329 

8.39 

1. 19 

237 

2.68 

M 

(( 

it 

((     5 

it 

36.97 

2662 

8.49 

0.93 

265 

2.68 

U 

'.? 

3.? 

6x6xi 

♦6x4x 

35.84 

2317 

8.04 

2.30 

395 

3.32 

M 

it     1 

tf      1 

40.90 

2725 

8.16 

1.90 

423 

3.22 

(( 

« 

it 

tt     i 

t< 

45.84 

3104 

8.24 

1-59 

451 

3.14 

141I 

12 

20.5 

6x4x1 

4x4x1 

33-97 

3133 

9.62 

1.56 

212 

2.50 

4» 

(« 

«» 

"    i 

" 

38.03 

3656 

9.81 

1.24 

241 

2.52 

M 

« 

« 

tt 

ft 

41.97 

4150 

9.95 

0.99 

270 

2.54 

M 

'.? 

3.? 

6x6x1 

♦6x4x 

40.84 

3686 

9.50 

2.42 

398 

3.12 

M 

** 

"     i 

45.90 

4290 

9.67 

2.03 

427 

3.05 

U 

M 

tt 

it 

ft     5 

50.84 

4858 

9.78 

1.72 

457 

3.00 

30xi 

12 

20.5 

6x4xf 

4x4x1 

41.47 

5546 

11.56 

1.61 

217 

2.29 

M 

« 

« 

**     1 

ft       i 

45-53 

6381 

11.84 

1.30 

246 

2.32 

a 

« 

i( 

"     1 

it 

49.47 

7174 

12.05 

1.05 

276 

2.36 

M 

y 

3.1 

6x6xJ 

*6x4xi 

5340 

7490 

11.84 

2.19 

432 

2.85 

M 

((        5 

ft 

58.34 

8413 

12.01 

1.88 

463 

2.82 

M 

« 

« 

tt 

ft 

63.16 

9293 

12.13 

1.63 

495 

2.80 

J6i! 

12 

20.5 

6x6xJ 

*6x4xJ 

54.03 

10485 

13.93 

''^l 

248 

2.14 

(« 

« 

«i 

(i     J). 

** 

58.97 

11825 

14.16 

1.06 

278 

2.17 

M 

«« 

« 

K         2 

it 

63.79 

13 104 

14.31 

0.85 

311 

2.20 

a 

15 

y 

6x6xi 

♦6x4x 

57.90 

II 483 

14.08 

2.43 

^P 

2.74 

« 

u 

** 

62.84 

12859 

14.31 

2.10 

463 

2.72 

M 

tt 

(( 

ft 

67.66 

I4170 

14.47 

1.82 

495 

2.70 

47 
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TABLE  66. 
Properties  of  Built  Struts. 


Properties  of 

One  Channel 

and  One  Angle. 

d 

rl " 

Long  Leg  of  Angle  Tnnied  Out 

Back  of  Angle  Flush  with 

Flange  of  Channel. 

S 

Depth 

Chan- 
nel. 

Weight 

C^- 
nel. 

Size  of  Angle. 

Total 
Area. 

Axis  A-A. 

AidsB-B. 

Mo- 
ment 

of 
Inertia. 

Radius 

of 
Gyra- 
tion. 

Section 
Modu- 
lus. 

Eccen- 
tricity. 

Mo- 
ment 
of 
Inertia. 

Radius 

of 
Gyra- 
tion. 

Section  t 

Modu-  ^ 

lus. 

A 

'A 

Sa 

e 

Ib 

tb 

Sb    1 

In. 

Lb. 

In. 

In.« 

In.« 

In. 

In.« 

In. 

In.« 

In. 

In.< 

4 

Si 

2iX2iXl 
3   X2iXl 

2.86 

S'7 
5.8 

1.44 

1-43 

2.23 
2.22 

.62 

1-97 
2.82 

.85 
•99 

0.81   '  • 
1.00     • 

5 

6J 

2iX2iXj 

3  X2iXj 
3JX2iX} 

4  X3   XA 

3.14 
3.26 

3.39 
4.04 

10.3 
10.8 
II. I 
12. 1 

1.81 
1.82 
1.81 
1-73 

3-24 

3.34 

1:11 

.68 
.90 

2.27 
3.19 

.85 

•99 
1. 14 
1.31 

.90 
1.09     • 
1.33 
1.94      • 

6 

8 

2§X2iX} 

3  X2|Xi 
3iX2jXi 

4  X  3XA 

3.69 
3.82 
4.47 

17.8 
18.3 
18.9 
20.2 

2.23 
2.23 
2.23 
2.13 

4.85 

4-99 

•76 

.83 

.90 

1.05 

2.62 
359 
4.89 
7.61 

.86 

.99 
1. 13 

1.30 

1. 01 
1. 19      • 

7 

9i 

3  X2§Xi 
3iX2iXi 

4  X3   XA 

5  X3  xA 

4.16 
4.29 

4-94 
S2S 

29.1 
30.0 
31.8 
33.2 

2.64 
2.64 

2.54 
2.51 

6.62 
6.71 

6.83 
6.94 

.89 

1. 16 
1.29 

4.06 

8.31 
13.73 

.99 
1. 12 
1.30 
1.62 

1.31    • 

155  ,  - 

2.20    - 
3.03     - 

8 

iii 

4  X3   XA 

5  X3   XA 

5  X3JXA 

6  X3iXi 
6  X4  Xi 

5-44 
5-75 
5.91 
677 
6.96 

49.6 

49-5 

53-3 
534 

2.95 
2.93 
2.89 
2.81 
2.77 

9.06 
9.21 
9.22 
9.48 
9.56 

1.24 
1.39 
1.37 
1.62 

1.59 

9.07 

14.74 
14.76 

25.82 

25.87 

1.29 
1.60 

1.58 
1.95 
1-93 

2.34    - 
3.18    - 
3.18    ■ 
4.91     ■ 
4.91     ■ 

9 

I3i 

4  X3   XA 

5  X3   XA 

5  X3iXA 

6  X3JX 
6  X4  Xi 

5.98 
6.29 
6.45 
731 
7.50 

68.0 
70.7 

70.7 
76.0 
76.0 

3-37 
3.35 
3.31 
3.22 
3.18 

11.70 
11.86 
11.88 
12.20 
12.23 

1.31 

1.46 
1.45 

1.74 
1.71 

9.91 

15.82 
15.84 
27.42 
27.46 

1.29 
1.59 
1.57 
1.94 
1.91 

2.50    - 
3-34     ■ 
3-34     - 
5.11     - 
5.10     - 

10 

IS 

4  X3   XA 

5  X3   XA 

5  X3iXA 

6  X3iX? 
6  X4  Xi 

6.55 
6.86 
7.02 
7.88 
8.07 

94.1 
97.7 
97-7 
104.8 
104.6 

3.79 
3.77 
3-73 

3.60 

14.81 

15.00 
15.00 
15.36 
15.3s 

1.3s 
1.51 
1.52 

1.83 
1.82 

10.82 
16.97 
16.99 
29.05 
29.10 

1.28 
1.57 
1-55 
1.92 
1.90 

2.68     - 

3.51  ■ 

3.52  |- 
5.31     ■ 
5-31     - 

12 

20| 

4  X3   XA 

5  X3   XA 

5  X3iXA 

6  XshXl 
6  X4  XI 

8.12 
8.43 
8.59 

9.45 
9.64 

172.3 
177.9 
178.8 

190.7 
190.8 

4.61 

4.59 
4.56 

4-49 
4.45 

23.45 
23.68 

23.73 
24.19 
24.19 

1-35 
1.52 
1.54 
1.89 
1.90 

13.25 
19.90 

19.93 
33.16 

33.15* 

1.28 

1.54 

1.52 
1.87 
1.85 

3.16     - 
3.97     - 
3-97     - 
C.81     - 
i.8i    - 

IS 

33 

4  X3   XA 

5  X3   XA 

s  X3ixA 

6  X3iXi 
6  X4  Xi 

11.99 
12.30 
12.46 
13.32 
13.51 

392.6 
404.0 
405.4 
430.9 
431.3 

5.72 
5-72 

5-69 

45.2S 
45.75 
45.71 
46.70 
46.65 

1. 18 
1.33 
1.37 
1.72 

1.75 

18.86 
26.82 
26.87 
41.47 
41.47 

1.25 
1.48 

1.76 
1.75 

4.26     - 
-5-13     - 
5.15     - 
6.84     - 
6.84     - 

1^ 


■ 

TABLE  67. 

^^M 

^ 

^^ 

Properties  of 

Starred  Angles. 

wo  AnEles  Stdrrcd, 

Two  Angles  Starred. 

Four  Angles  Starred » 

Four  Angles  Starred,            1 

Equal  Legft, 

Unequal  Less. 

Equal  Less. 

Unequal  Legs, 

1* 

^•1 

B 

^ 

1 

B 

m 

A     - — ^ 

A 
S.      * 

\ 

"*     ( 

=L,4. 

& 

— 1  *-^ 

L 

!^^ 

r 

J^ 

^-1 

! 

i 

1     "^^ 
B 

+ 

B 

Value*  for  Axes  A-A  & 

rAsliA-Aaiu&e 

U-U  same  aa  in  Tables 

» 

Table  if 

1. 

39  &  40  retpectlvdy. 

Total 
Ana. 

Radiuf 
of  Gy- 

SLteof 

Total 
Ana. 

Least 
Radius 
of  Gy- 

Sixeof 

Total 
Area. 

Radiui 
of  Gy- 

Size  of 

Total 
Ana. 

Radius  of 
Gyration. 

Axis 

Axis 
B-B> 

ration. 

Aa^es. 

ration. 

ration. 

Anklet. 

A-A. 

A 

»c 

A 

Tc 

A 

r* 

A 

ta 

tb 

In.i 

la. 

la. 

ln.> 

In. 

In. 

la,* 

In. 

In.     1 

InJ 

in. 

In. 

1.88 

77 

li^ixj 

2.12 

73 

3.76 

.85 

2}x2xi 

424 

l.il 

.80 

1.72 

74 

3-10 

78 

5-44 

.88 

6.20 

1.13 

81 

1,38 

•97 

3X2ixj 

2.62 

1,00 

lixlixl 

6.92 

1,05 

3x2ixJ 

524 

131 

1.00 

3.46 

•95 

3.84 

1. 00 

1.07 

7.68 

»33 

1.02 

3,88 

1.17 

3ix3ij 

3.12 

1.22 

3I3X 

5.76 

1.25 

3i3t3X' 

6,24 

152 

1.20 

422 

1.16 

4.60 

1,20 

1  ^-^^ 

1,27 

**■ 

9.20  j   1-53 

1.23 

5,50 

1  13 

(t 

6.00 

1.18 

"      1    11.00 

J. 29 

'* 

12.001   1.55 

1-24 

6.73 

I.IO 

"  '■ 

7-34 

m6 

"  i  U.44 

1^32 

i( 

14-68 

157 

1.26 

l|8 

>'37 

^xix 

3.38 

1.23 

3jxj}xJ     6.76 
"     Jl    9.92 

1.45 

^3^i 

6.76 

177 

1.16 

6.50 

1,35 

*t 

6.50 

1.21 

1.48 

** 

9.92 

1.80 

1.17 

i33 

1. 19 

" 

13.00 

1.50 

It    1 

13.00 

1.82 

1,20 

7^ 

1.31 

i« 

7.96 

1. 17 

(i 

15.92 

1^52 

*■'      i 

15.92 

1.84 

1.22 

1.88 

1.58 

5x3  X 

S7J 

m6 

4X4X 

776 

1.66 

5X3x1!   n.44 

2.34 

t.09 

S72 

1.56 

7.50 

1.16 

ti 

1144 

1.68 

15.00 

2.36 

I. II 

7-50 

l-SJ 

«i 

9.22 

t.is; 

** 

15.00 

1-70 

"     i   18.44 

2.39 

1. 14 

$.12 

I'Si 

** 

10,88 

1.15 

'II 

18.44 

1.72 

"   i  21.76 

2.41 

1.16 

^m 

7.t2 

T.98 

5x3  i« 

6.10 

i'37 

S15X 

M-44 

2.08 

5x3ixi   12.20 

2.27 

1.3d 

I^^H 

9.50 

1.95 

<i 

8.00 

1-35 

It 

19.00 

2.10 

*•    li  i6.oo 

2.29 

^^^^1 

11.72 

1.9* 

41 

9,84 

t.34 

(( 

2344 

2.12 

•;    119.68 

2.31 

1.38 

i^^^l 

ljJ8 

1.S9 

«« 

11.62 

1.33 

n 

2776 

2.14 

i( 

23.24 

2.33 

1.40 

i_ 

872 

2.37 

6x4x 

7" 

1.56 

6x6xj 

17*44 

2.49 

6x4x1 

14.44 

274 

1.50 

11.50 

2-3S 

** 

9^50 

1.56  1 

<* 

23.00 

2,51 

II 

19.00 

2.76 

1.5J 

14.22 

i-iJ 

** 

1172 

1.55 

II 

28.44 

2,53 

ti 

2776 

2.78 

1.56 

^  I6JS 

2,30 

** 

13.S8 

1  55 

337*^ 

2.55 

*' 

2.80 

1946 

2.28 

a 

1596 

1-54 

<* 

38.92 

2.57 

11 

31.92 

2.82 

1.58 

1  i*,0O 

2.26 

u 

18.00 

1-54 

"     I 

44.00 

2.59 

■'     1^36.00 

2.85 

1,60 

1  ;i'So 

3.17 

8i6xJ 

13,50 

2.39 

8x8x| 

31.00 

3.32 

8x6x}  27.00 

3.56 

2.32  ' 

S'H 

16.72 

2.38 

(( 

3844 

334 

"        3.V44 
"    139.76 

^•1! 

2.33 

3,12 

** 

19.88 

2.36 

14 

1  4576 

3.36 

3.60 

^•35 

3.09 

22.96 

M5 

14 

,  52.92 

3-38 

;:    J  459* 

3.62 

247 

)f3wOO 

3.07 

''     1 

26.00 

2.34 

"           I       60.00 

3-40 

"    l\si.oo 

3.64 

2.39 

tn^ual 

When  ang 

tei  arc  not  in  contact,  ui*  tab 

1«  38. 

^P-C  van 

M  beiwcen  lo"*  &  %\^, 

1  39,  &  40. 

^flsteft  k 

JT  \inequftl  Ic^  anple«  -  l'\ 

1 

1 

■ 

^.  ,. . 

123 

J 

■ 

TABLE  68. 
Propertibs  of  Four  Angles  Laced. 


f 

Propcrttefl 

of 

Four  Angles  Laced. 

^               ■                           For  Equal  Legi  and 

i^ i _j   1                            Unequal  Legs  with 

*^          ij          ^4                       Long  LegB  Turned  Out, 

. 11 — .     4 

Four 
Angl^. 

Total 
Area. 

Momenta  of  IncTtui  and  R::kaii  of  Gsrr^illoo. 

Aids  B^B. 

AatiB  A-A. 

Thlcknest  of  3  Lacios 
Ban  «  *. 

DkiaoQe  Back  to  Back  of  An«lei  [n  Incbo-  d. 

3  Bars 

n  Ban 

S| 

io|        1 

tJ* 

t4l 

] 

Ib 

re 

H 

tb 

U 

ta 

Ia 

r* 

Ia 

^A 

Ia 

^A 

I* 

In. 

Iii.» 

In.' 

ta. 

La.« 

In, 

lB.« 

til. 

lu.' 

In. 

In.* 

In. 

In.* 

In. 

In.* 

3X2ix} 

^^  1 

"  i 

SH 

7.63 
lo.qq 

9.92 
1300 
15.92 

12 
iB 
24 

39 
53 
66 

I. SO 
1-53 

1.98 
2.01 
2.04 

13 
19 
26 
41 
5S 
69 

I,5S 

1.60 
2.03 
2.06 
2.0B 

7J 
too 

I2@ 
127 
162 
193 

3-68 
3.61 

3-S7 
3.58 

3-53 
348 

113 

162 
20S 

206 

264 
317 

4.^4 

4*59 
4.56 
4-56 
4'Si 
446 

167 
240 
308 

392 
472 

5.64 
5 -59 

S*S5 
549 
5*44 

231 

313 
428 

423 
546 
659 

6.64 

6.58 
6.54 
6*J3 
6.48 

643 

30s 
440 
567 
S6l 
72s 
879 

2  Bars 

2  Bam 
ft"  -  I" 

loi 

ul 

Mi 

i6| 

1 

3 1*3 is  I 

ti 

4X+X 

tt 

9.92 
13.00 
1592 
»I44 

l^OO 

27     l/^ 
37    r.69 
46    1.70 
39  ,  i  86 
S3     1^8^ 
67    1,91 

29    1.71 
39    1.73 
49    1.76 
42    1.91 
56    1.93 
71  , 1.9^ 

190 
243 
291 

211 
271 
32s 

4-3S 
4-3^ 
4.27 

429 

4.25 
420 

2S4     S.34 
36s    >-JO 

+40  S 26 

31^    S'25 
408  1  S.22 

491  \s.ih 

398    6-J4 

5t3    6.28 
619   6.23 

444    ^li 
575    ^19 
695    6.14 

831 
596 

772 

935 

7-32 
7=27 
7.18 
7.22 
7-17 

?^' 

&i 

6«s 

SS7 

1075 

77^ 

2  Bars 

2  Bars 

It 

3i 

111 

Hi 

t( 

1 

63t4x 
If 

12,20 
16.00 
19M 
19.00 

23.44 
27.76 

76 
102 
128 
170 
213 

257 

2.50 

5-99 
3-01 
3-04 

106 

133 
176 

220 

26s 

-55 

2.60 
3.09 

248    4^5 1 
318    4.46 
3*^2    4*40 
370  .4  4^ 
44S    4^37 
S17    4*32 

367 
472 
S71 

777 

5.4S 
543 
5*39 
5-39 
5-34 
5-29 

659 

Soo 

770 

937 

1092 

6.47 
6.41 

6.37 
6.36 
6.32 
6.27 

679 
878 
1067 
1027 
1252 
1462 

r.46 
741 
7.36 
7-35 
732 
7-26 

^^72 
1129 
1.17+ 
1321 

1614 

l88g 

The  above  table  is  intended  to  serve  only  as  a  guide  in  the  choice  of  sections  and  not  as 
plete  table.     The  properties  of  other  sections  may  be  found  as  follows: 

The  areas  and  moments  of  inertia  of  four  angles  about  the  axis  J-J  are  given  in  Tabic 
equal  leg  angles;  Tabic  33,  for  unequal  leg  angles,  long  legs  out,  and  Table  34,  unequal  leg 
short  legs  out;  the  axis  J-J  corresponding  to  axis  -V-A'  in  Tables.     The  radius  of  gyration 
axis  y/-y/  may  be  calculated  from  the  formula  r^  =  V/^  -5-  J. 

The  moments  of  inertia  of  four  angles  about  the  axis  B-B  are  given  in  Tables  35,  36  a 
the  axis  B-B  corresponding  to  Y-Y  in  Tables.     The  radii  of  gyration  of  four  angles  about  t 
B-B  may  be  calculated  from  the  formula  r^  =  \'/b  -^  -^,  or  may  be  found  from  Tables  38, 
40,  the  radius  of  gyration  of  four  angles  being  equal  to  that  of  two  angles. 
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TABLE  69. 
Properties  of  Four  Angles  and  One  Platk* 


Properties  of 
Plate  and  AhkIc 
Column  Scctious. 


Without 
FlaiiBe  Pbt» 
LoriK  Leea  Out, 
.  Width  of  Web  Plate  PIu»  i  In, 


VVob 
PUie- 


M 

a 

loxi 

II 

N 


Serici  L 


Four 
AjiAles* 


Tout 
Area. 


Momenta  of  Inertia  and 
Radii  of  Gyration. 


AJda  A-A. 


Axis  B-B, 


InJ 


III.* 


7M 
848 
9,62 

10.Q4 

12.92 

1448 


Hi 
97 

110 

127 

143 
t6i 


10*25 

11.57 
13,67 
15.23 

'S'95 
17.S7 

2t.0O 
2  2.88 


13.67 
H4i 
15.98 
16.70 
1 8.62 
20.50 
22.00 
z^M 
35-68 
27.4« 
39-^4 


iKi 

208 

237 
zGy 

279 
315 
360 

393 
4^4 


304 
3  SO 
3  59 
404 
42 1 
476 
526 
544 
596 

643 
692 

735 


t     h 


III      f    Itt,* 


3.36 
3J8 
3.38 
340 
3.33 
3-34 


4^20 
4.24 
4.16 
4.18 
4.18 
4.20 
4,14 
4.14 
4'5 


10 

13 

21 

25 
37 
43 


21 

25 
37 
44 
71 
82 
98 

HI 

123 


5.06 

4.99 

5.02 
5.04 
5.06 

4^97 
5 -00 
5,00 
5.02 
5Q> 


30 

36 
37 
44 
70 
82 

95 
98 
III 
t^3 
n^ 
149 


In. 


1.19 
1.23 
1.47 

1.51 
1.70 
173 


1.41 
1.47 
1.65 
i-6y 
2.10 
1.15 
2,  [6 
2.20 
2.22 


^'57 
1.62 
l.6o 
1.66 
2.^5 
2J0 
2.15 
2.11 
2.16 
2.19 
2.21 
2.26 


SeriMU, 


Four 
Aujik*. 


In* 


4spA 

4.pi 


4X3.^ 
6x4x1 

"  i 

"  A 
"  A 

'     1 

6x4x1 

r« 

'•  r 

6x4xJ 

"  A 
"   I 

::4 


MomcnU  of  Inertia  and 
Kadii  of  Gyratiou, 

Total 

Area*  i      Axi»  A-A. 


Axis  8-B 


Ia 


In.' 


In* 


77^> 
9.12 
10.86 
12.42 
16.00 
1748 


11.49 
13-05 
18.19 
20.47 

21-75 
24.99 
24.00 
26.24 
18.44 


13-99 
^5-95 
18.94 
21.22 
23.50 
2574 
^7-94 
25.00 
27.24 
29.44 
31.60 
33 -7^ 


90 
108 
122 
J41 
178 
194 


201 
232 

3»9 
361 
401 
440 
412 

451 
.489 


35S 
412 

48 1 

544 
605 
665 
723 
623 
685 
741 
794 
849 


»"A 


Ifl 


In. 


341 

J43 
MS 
3-36 
3-33 
3.33 


In.* 


16 

30 
30 
36 


4^18 
4.22 

4- '9 

4,20 
4.20 
4,19 
414 
4-1 S 


30 
3^ 
119 
139 
160 
180 
165 

187 
206 


•  above  tabic  is  intended  to  serve  only  as  a  gu 
.able.     Thf  p  rope  riles  of  other  sections  may  be 
Example:   Required  the  properties  of  a  section 
J2i"  back  to  back,  and  one  plate  12"  X  A". 


5.01 

5-04 
5.OA 
5j06 

5'07 
5.08 
5.09 

4-99 
5.01 
5.02 
5-01 


S8 
69 
119 

139 
160 
180 
200 
165 
rS6 
206 
228 
249 


In 


144 

M9 
1.67 
I-71 

1.77 
1.79 


1.62 
1.67 
1.56 
2,61 
2.65 
2.69 
2,62 
2.66 
2.69 


2.04 
2.08 
2.51 
2.56 
2.6 1 
2,65 
2,67 

2.61 

2.69 
2,72 


ide  in  the 
found  as 
composed 


choice  of  sections  and  not  as  a  coin- 
follows; 
0I4A  s"  X  }i"  X  A",  bag  legs 


Item. 

A«a. 

Moment  of  Inertia. 

Hadiua  of  Gyration.           | 

AxbA-A. 

AxiaB-B. 

AxiaA'A. 

AjdsB-B. 

Tahte 
No. 

A 

Table 
No. 

Ia 

Tabic 
No. 

Ib 

t^^VIa^A 

rij-i/lB^-A 

Id. 

In.* 

In.- 

!«.• 

In. 

In. 

S3 
S 

14*'^ 

S.25 

33 

3 

403 
63 

36 

4 

^4 
0 

y  19.37 

t2xA 

/466 
>  19.37 

.     :alf 

A  = 

"9-.17 

h- 

466 

h- 

8+ 

ta  -  4  90 

Fb  ^  2.08 
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TABLE  70. 
Properties  of  Four  Angles  and  Three  Plates. 


p i . 

'F* 

PropertfMof 

^i 

r^ 

With 
Flange  Ptatca. 
d  -  Width  of  Web  Plate  Flu 

Plate  ajid  Anjzle 

J 

. 

U-i- 

I 

i 

Serkfl  I  and  II, 

Series  I. 

SerlM  II. 

MamenU  of  Inert  (a  nnd 

Momenta  of  Inertl 

Wtb 

Four 
AngtH. 

Two 

Total 
Aria. 

Two 

Total 
Aitft. 

RadiJ  of  Gyrate 

Plate. 

Cover 
Plate«. 

AxImA-A. 

Axis  B-E. 

Cover 
Platei. 

Asia  A-A.      j     Ai 

Ia 

^A 

I» 

ffi 

Ia 

ta 

h 

In. 

Is. 

Itt. 

mj 

In.* 

l«. 

In.* 

!□, 

In. 

In.* 

la,* 

In, 

la.* 

I  ox) 

4^53^1 

loxf 

21.17 

4S9 

4.62 

too 

2.17 

tox 

21.67 

540 

4.78 

1^1 

u 

** 

- 

^6-75 

598 

4-73 

134 

2.24 

**     ■ 

25.50 

682 

S.I6 

Hi. 

^ox| 

5x3  |x 

r2x 

26*20 

^=;6 

4.60 

iSl 

2,6| 

I2X 

29.20 

653 

4-73 

21: 

*t 

33.00 

723 

4-6» 

242 

2.71 

36.00 

824 

4-7« 

It 

t^xj 

s^jb 

121    1  2570 

794 

5-3 1 

179 

2.64 

I2Xi 

28.70 

929 

5-69 

1    ^M 

*          ;  ■ 

32.50 

1034 

5.66 

239 

2.71 

41 

35^50 

1173 

5^75 

37f 

mi 

Sxjix 

34.00 

1051 

S-S9 

242 

2.67 

37-«3 

1 191 

S.6« 

IJi 

** 

141 

40.68 

129a 

563 

3OJ 

2.73 

**      1 

43.68 

I3i7 

,   5-^ 

33S 

I2^J 

6x4J 

29.44 

916 

^^se 

291 

3.14 

I4X 

32.94 

1073 

5^71 

14* 

ti 

"■' 

J7'S0 

1197 

5,65 

388 

3.21 

li 

41.00 

1360 

S-76 

44^ 

1 2X1 

6x4x1 

tt 

39>QO 

l2tS 

^,55 

394 

3. IS 

(1 

A^^SO 

1378 

S.69 

45^ 

1^1 

ij 

46.94 

1496 

S^&4 

492 

3^4 

" 

S044 

1664 

S7S 

54-; 

uxi 

6x4x 

I+x}  1  30.19 

1261 

646 

291      3.10 

141 

3h^ 

1469 

6.60 

34t 

'■   : 

38.25 

1644 

6.S? 

.188 

3-J9 

*' 

4 1 -75 

1857 

6.67 

44t 

i+xi 

6x4x 

**      , 

40.00 

1672 

6,46 

394 

3-H 

44 

4350 

isss 

6.58 

4S^ 

47-94 

2052 

(^-54 

492 

3.20 

51.44 

2263     6.63 

54^. 

i+^i 

6x4x 

49.6Q 

2081 

t-47 

499 

3-17 

SJ.19 

2292      6,57 

53«- 

( 

t4   ; 

S6.69 

25^9 

6.6S 

611 

3.29 

60.19 

2764      6.74 

tii 

tt 

i 

''    i'63i^ 

3006 

6.87 

728 

^3^ 

(1      .  \. 

67-19 

n^s 

6.96 

p: 

ii 

4 

^'  i«^  7069 

351^ 

7.05 

84^ 

34S 

H      . 

74-19 

3776 

713 

89c 

n 

* 

"  ij  77-^ 

4048 

7.22 

956 

3-51 

(i    I 

81,19 

41^7 

730 

1014 

-  il  S4.69 

4f^iS 

7-^S 

1071 

3^^6 

tt          1 

83.19 

4910 

746 

112^ 

«{ 

i 

"  li  9E&9 

"  d  98-69 

5214 

7-H 

I1S5 

3,60 

95-19 

SS^S 

7.61 

124: 

If 

" 

5S46 

7.69 

1299  1   3.63 

**    1 

102,19 

617s 

777 

l3St 

1 

"be  above  table  h  in  ten 

dcd  to 

serve 

onlr  aa  a  puidc  in  the  < 

:hoice  of  fiectiona  and  not  as 

pleie 

uble.     The  prop<.'rties 

of  othc 

r  sect 

ons  mav  be  found  ^s  J 

ollowsi 

E 

Ixample:  Required  th 

E  propt 

rties 

nf  a  section  composec 

of  4^  s"X3r  xA^i^ 

out,  I 

i|"  back  tu>  back,  one 

web  pi 

ate  12 

''  X  it"  and  iwotlang 

t;  plates  12"  X  f". 

x\jEl. 

Moment  of  Inertia. 

Hadiui  of  Gj-raClon. 

Item. 

Alia 

A-A.            A«a  B-B. 

AxJfl  A-A.      ,      Axi*  0-B. 

Table 

A 

Table 
Xo. 

1  .. 

Tftble  1      'b 

Ta-I'^Ia+A      fB-l'lji  +  A 

In. 

lii,J 

In.< 

^^-       m.* 

In.                        In. 

4-£S53t3jxA  1 

1  PI— 1 21 A 

2  PI— 12X| 

3J 

HU 

3} 

4OJ 

36     84 

^  S2S      ,       ;  191 

1 

I      1 

9,00 

3 

1-3 
JS9 

82s 

4 
3 

4  = 

0 

1    108 

\j8.37 

fa  =  1.60 

Toul 

^-    1 

28.37 

-    19a 

'*  =  S-39 
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TABLE  71. 
Properties  of  Four  Angles  and  Two  Plates,  Laced. 


Properties  of 

Four  Anglet  and 

Two  Plates. 

Laced. 

Abslo  Turned  Out 

Aod 

Ansks  Turned  In. 


b  =  Width,  Back  to  Back 

of  /\jik1m,  for  Equal 

Moment!  of   Inertia 

about  Axea  A- A  and  B-B 

with  Angles  Turned  Out. 

c  =»  Same  as  b,  but 

with  Angles  Turned  in. 

=-  Depth  of  Web  Plates  +  i'\ 


I 


be  or 


iW\ 


nii 


«J«j 


'"1 
"    } 


r 


Series  t. 


u 


A 


J0< 


is  ;|| 
gal  ^g 

I  ;    r      b  I    c 
In.|   In.  { In.  I  In. 


g'^xl"  Web  Plates. 


8.76  83 '3. 08  1 5.4 
IO.9I1IO9316  5.3 
I3,csdi32j3.i9  5.2 

9.76  9j'3.09  51 
12.44  123  3.15  5.0 
15.00  151  3.17  4.8 


r^.^riV' 


5  M 


4.6 
4-3 


67 
7.0 

6.8 
71 
74 

7.3 
75 
77 


lo'xi"  Web  Pbtcs. 


9.76  142  3.82 
11-92  1 85  3.94 
14.001 3^34  4.00 


10.76;  159  3.84  6,7 
13.44  2093.94  ^-7 
16.00  256  4.00  6.6 


i4.9a'2u  1.94 

18  --  t^-  -  -;H 


6.4 

16,2 
l6.o 


8.8 

8.3 
8,7 
9.0 

8,9 
9.1 
9' 3 


ii'xi"  Web  Plates. 


10.76  220  4.<;2 

12.92  188  4.72 
15.003434.78 

I r. 76  2464.57 
14.443224.72 
17.0059*  4.80 

^^>  4'73 

174.K0 


84 
8.5 

8.6 

[«.3 
8.2 
1 8.2 

8.0 
8,0 
1 7-9 


4142I  17.11  ]58  4  7;' 


94 
99 
10.3 

9.7 
10.2 
10.6 

10.4 

10.7 

1 1.0 

lo.; 
I0.8 

11. 1 


Series  2. 


In.* 


In.'    In 


^8 


la. 


8"xr'  Web  Plates. 


10.76.  94  2.9?  !5'3 
12.92  119  3*04  |5-3 

"S'00,H3 1 3 -09  5-2 

11.76  10412.97  5.1 

14.44  I34'305  S-O 
17.00  162  3.09  4.9 

15.911483.05  4.7 
19,001793.07  4.6 
21.92  20713.08^.4 


6.3 
6.6 
6.9 

6,7 
7-0 


6.. 

7-2 

7.4 


9 17 


io"x|"  Web  Plate*. 


12.261162^3.63  16.5 
144220513.77  6.7 
16.50  2443.85  6.9 


13-26  I79|3<58 

15,942293.79 
18,50  276  3.86 


17.42  252 

20.50  305 

23.413il 


3.80 
3.86 
3.88 


6.7 
6.7 
6.6 

6.1 


7-3 
7-8 
8-4 

7.8 
8.2 
8.6 

8.5 
8.7 
8.< 


i2"xr'WcbPUte8. 


1376 
i«;-92 
18.00 

I4.7<^ 
'7-44 
20.00 


256 
324 
379 

282 

358 
428 


4.32 
4.51 
459 


4.37  8.2 
4*'?3  [8.2 
4.63  8.2 


I8.92i;92j4.55l7.9 
22.03473I4.64  7.9 


5484.69 

J. 


24.92 

20.44  424'4S8 
24.005164.64 
27441 599  467 


9.0 

9.4 
9.8; 

9.3 

97 
to.  I 

9.9 
10.2 
10.6 

J  0.0 
10.3 
10.6 


Series  J. 


In.» 


&s 


In. 


IS 


In. 


8"xi"  Web  Plates, 


1276  105  2.87  5.4 
14.92  1302.95  154 
17.00,15413.01  ,5.3 


13761152.89 

1644  145,2.97 
19.00,17313,02 


92'iS9|2.98 
21.00119013.01 

23.92/2l8[3.02 

I0"xj"  Web  Plates. 


47 
4-5 

'4-3 


5.8 
6.1 
6.5 


1476  183  3.52 
16.92  226,3.66 
19.002653.73 

15.76l20013.56 
18.44  250  3.67 
21.00^2971376 

19.92  273'3.7o 
23.003263.76 
.92!374'378 


925 


16,6 

67 
6.8 

167 
,6.6 
6.6 

64 
6.3 
6.2 


I2"xj"  Web  Plates. 


i6.76|292;4.i7 
18.9236014,36 
21.00,4154.45 

17.7613 18'4.23 
20.44394:4.39 
23-00.464449 

21.92  428 '4. 42 
25.00  ;oQ  4,51 
2792584407 

2344  460,443 
27.005524.53 
30.44635,4.57 


Series  4- 


II 


In.«     In.*   In.    In. 


n'*%r  Web  Plates. 


14.761152,795.3  54 
16.92  141 '2.89  5.2  5.8 
t9.00lt65j2.95  5.2  6.1 

I5.76'i26!2,83  5.1  5-6 
18.44  156: 2.91  5.0  6.0 
21.00,18412.96  5.016,3 

19.92  170  2.92  4.8  6.2 
23.00  201 12.96  4.6  '6.5 
25 .92  229  2 .97 1 4.4  i6.8 

~io"xj"WcbPlaicsr 

17.26  204  3.44  6,8  16.7 
19.42,247  1.566,8  7.1 
21.50  286  3.65  6.8  7.5 

18.26221  3.48  6,7  6.9 
20.941271  3.606.617.3 
23-503183.686.6  7.7 


22.42'294  3.62  6.4 
25-50:3473-696.3 
28.42  395  3.726.2  8.1 

I2''x  I"  Web  Plates. 


19.76:328  4,08,8.2  |8.o 
21.92I3964.258.3  8.4 

24^00:451  4.34  8.3  8.8 

20.76I354  4.1318.0 18.3 
23.4414304.28,8.1  ,8.7 
26.00:500  4.39|8.2  19.0 


7.9  9.4  24.92  464  4.31  8.0  8.9 
7.9  9.7  28,00  545  4.41 '8.0  9.2 
7.9  10,1  30.92,620  4.48  7.9  9-6 

I 
77    9.426.44I4964.337.7  9.0 
7.6  I  9.8,30,005884437.6  9.3 
7.5  10.133.446714.517.5  9.7 


TABLE  71,— Continued. 
Properties  of  Four  Angles  and  Two  Plates,  Laced. 


Four  Angles  and 

Two  Plate*, 

Lac?d. 

Aafiles  Turned  Out 

and 

J 

«_ 

1 

1^ 

n 

^ 

fr-Wfdtb,  BacktoBacl 
of  Angle?,  for  Equal 
Momenu  of  InertU 
about  Ana  A-A  «id  B- 
when  Angles  Are  Turned  ( 
i  »  Ssjne  aa  b  with  Ajute 
Turned  In. 

is 

—  Ut-.-4i— 3-             d-Dciith<>rWcbFlsta+ 

JB 

Series 
I.  3.3 
and  4. 

Series  I, 

Serka  3. 

S«ta.3. 

5ai«4. 

II 

M 

II 

do 

II 

k 

J3< 

II 

1^ 
1^ 

II 

J3< 

II 

^? 

it 

So 

Skeof 
Angles. 

A 

I 

' 

b    ;     C 

A 

I 

r    [    b    I    c 

A 

I 

r 

b    1    C 

A 

I     I    r       b 

Id. 

In.i  '  In.*     In.  '  In.     In. 

ln,« 

In.i 

In.     In.  ;  ln» 
Web  Pkiesr 

In.a 

1ft.* 

In.     la.  ;  In. 

Ia.> 

In.'     In.    Id. 

14"  I  r  Web  Plates. 

14"  xT 

l4"xrWebPlatea. 

i4"irWebH; 

"    I 

4X4XJ 

11           9 

16.26 
18.94 
21.50 

20.42 
13. SO 
26.42 

21.94 
25.50 
28,94 

4.4 

620 

79t 
616 

5.24- 

S.3., 

S.30 
5-41, 

5-47, 

9,6  10.3 
9.710.9 
9.811.4 

9.6  It. 1 

9,6  11.6 
9.612.1 

9.311.4 
9-3  1 1 '8 
9.2  12.1 

19.76 
22.44 
25.00 

23 -9^ 
27.00 

29,92 

25.44 
29.00 
32.44 

471 
S7? 
677 

627 
742 

S4S 

671 
804 
9-^4 

4.89 
5.07 

S.2C] 

5.2s 
5-32 

534 

!9.6 

'  97 
9,8 

5.6 
9.6 
9.6 

9.3 

-,9-3 

\9.2 

lO.O 
104 
10,8 

10.6 
11. 1 

11.6 

10,9 
U.3 

117 

23.26 
25-94 
28.50 

2741 
30.50 
3342 

28.94 
32.50 

35-94 

734 
684 

981 

4-77 
4-94 
5-07 

4.99 
5-12 
5,20 

5.0a 
S.15 

S-23 

g,6 
9-7 

9-5 
9-5 
9-S 

9-4 
9'3 
9-3 

9-5 
9.9 
10^3 

10,2 
10,6 
11.0 

J0.8 

26.76 
19.44 
32.00 

30.92 
34-00 

36^9^ 

32.44 

36.00 

39^44 

5854.67   9' 
691!  4.84  9^r 

791  4-97   9-^ 

741  4-%^  9-i 

8S6'5.02|  9.J 
963  5.10  9.: 

7874-93   9-' 
91SIS.05    q.: 

1038;  5. 13;  9-: 

16" 

X  r  Web  PIaie$. 

16" 

xr'Wct 

959  5.6f 
1114  S-!^! 
12585^9^ 

1023  5.71 

1362  5.91 

1251  5.7? 
1499591 
«733  5  9^ 
1953  6.01 

i  Plates, 

16" 

33-92 
37-00 
39-92 

35-44 
39-00 
42.44 

41*44 
47-°o 

52.44 
5776 

xV 

Web  Plates, 

16"  X  I"  Web  F!; 

It      h 
+X4X3 

11          1 

6^6x;i 

h 
M             ^ 

25.92 
29.00 
31-95 

27.44 
31.00 

3444 

33-44 
J9.O0 

^976 

873  5.R011.Q12.0 
10285,96  1 1.1  12.4 
11726.06  11.1  12.8 

937^5, 84' ro.9  12.1 
1113  5.99  to.9  12.5 
12766.09  10.9  13.0 

ii6?'s,9o  9.8  12.8 
14136.02    9.7  U*i 
16476.09   9.613.6 
18676.12   9.5  14.0 

29.92 
Jhoo 
35.92 

31-44 

3S^44 

1 7-44 
4300 
48.44 
5376 

Il.O 
IL.O 
U,l 

10.9 

10.9 

>  10.9 

:  9.8 

'  9  7 

\   9.6 

9.5 

11.5 
n.g 
12,3 

117 
12.2 
12.6 

:]:6 

10445.53 10.911^0 
11995.6911.011.5 

1343  5.80  it.o  11.9 

U08  5.60  10.9  II. 5 
1284574  10>9  11'^ 
1447  5.84  10.8  12. 1 

13365.68  9.9  12,1 
15845.81    9.812.6 
18185.89   9.713.0 
20385.94!  9.6  13-4^ 

37.92  112954610/ 
41.00  12S4  5, to  10,^ 
43.92  142S  5.70  tu 

39-44  1 193  5-50  >o>- 
430013695.6410.^ 

46.44153257410-' 

4544  1421  S^lSc  10.: 
51.00  16695.7210. 
56.44  1903  5.8t  JO.r 
61.762123  5.87  9' 

i8''ii"WebPUles. 

18"  xT 

6.33 
6^63 

6,6^ 
6.7^ 
6.8c 
6,8^ 

>  Pbie», 

i8"ii"  Web  Plates. 

i8"irnVebPli 

"    i 

"      1 

27.921171  6,49  11,4  13.1 
31.00  1173  6.66  12.613.7 
33,92  15616.78  12.7  14,2 

29.441^566.53 12.413.5 
33,00 1485  6.71 12,5 14.0 
36.4416996,32 12,6 14.S 

41.00 1884  6.7^  11.5 14  J 
46.44  2191 6.87 1 1. 3 15.2 
51.7624826,92 1 1.2 15.5 

56.92  27626.96  in  15.2 

31.421293 
35-5°  >495 
38.42  i68j 

33941378 
37.50  1607 
40.94  1821 

45,50  2006 

50.942313 
56.26  2604 
61,42  2884 

,'l2.4'l2J 

U3.5  13^3 
12.6  13.7 

I  12.2  12.9 

12.3  13.4 

^  12.4,  >  3 -9 

1        1 

[U.S  14.3 
Mi'3  147 

511.2  15.1 
II. I   15.5 

36.92  14 14"  6. 19  12.5  12.5 
40.0Q  1616  6.36  12.5  12.9 
41.92  18046.48  12.5  13.2 

38.44  14996.25  12.2  12.6 
42.0017286,42  12.3  13.0 
45-4419426-5412-413-4 

1         1        1        1 
50.00  2127  6. i;3  11.5  13.8 
SS-44  2434  6.63  11.3  14.2 
60,762725.6.6911.3  14.6 
65.92 '3005-6.74  11.2  15.0 

41.42  15366.091;*. 
44.5017386.2511. 
4742  19266.33  12- 

42.94  1621  6.1412. 
46.50  18506,31  u.. 
49-94.2064  6.43  n.. 

S4-50  2i4^'643iu 

59^94  255^,6^53  11" 
65,26 28471^*59  n. 
70.43131276.6611.. 
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TABLE  Ih^Continued, 
SopERTiEs  OF  Four  Angles  and  Two  Plates^  Laced. 


IB 


IB 


rtletof 
(sies  aad 

Plattt, 

Atntd  Out 
nd 
urned  Inu 


IB 


4^ 

IB 


b  =  Width*  Back  to  Back 

of  Angles  for  E<iual 

MomeatK  of  I  iiertia 

about  Axe*  A- A  and  B-B 

with  Angles  Tumt-d  Out. 

c  ^  Sunie  a»  b.  but 

with  Angles  Turned  In* 

d  -  Depth  of  Web  Plates  +  i" 


Sferks  I. 


1 

n 

1 

1  f 

In.     In. 


J"  Web  Plates, 


5257.1413.814.5 

779  7-54  140  15.0 
0177,50  14.2  15,6 


S3472I 
WI7.4t 
194,7.58 


117148 

14.1  16.0 


4367.53  13^1  I^n2 
Rt«E  77^4' 13.1!  16.6 

M-o  17.0 

i"  Web  Plates, 
■'T  -*'>>  r^.o  15.2 

■R.68' 15.0  15.5 

!5?2|7.oo  15.3  16. 1 
gj88|$^  15.6^16.7 

^B.oS  14.6  17.0 
^P.22  14.6  174 
2498. 13  14.6  17. 
698  M*  M-^^'^? 
r  Web  Plates. 

76^V^77 

i^»,6  17.3 

707x75  i6.8|i7.9 

D^.-j'^.rrj  16.2;  1 84 
(6.2' 18.9 
-  16.2;  19.3 

uj.S  |6.2JI9.8 

1.85  I5.3'i9.0 
IqS  15,2,19,6 

15.1  20.I 

L16  15,0  10.5 
i.12  tj^.gzoM 


34,9211691  6.96' 137  14. 
38.oO|i945  7.is  13.9  14, 
40.922183  7'3»  »40  15 

36.44' 18007.03  13.6' 14, 
40,00  2089  7,23  13.8  14. 
43,4423607.3713.915 

48,00 


Serkt  }, 


In/- 


lo.     In.     In. 


2o"xJ"  Web  Plates. 


2602  7,36  13,2 

:; 3, 441 2994  749;  13  1 
587633687.57  13.0  t6. 
*^3*>^J7_*7  7M  ^^'9  '6. 
22"xr'WcbPlatM, 

42,92  2383  745  14.9  14- 
46,00  2<'»95  7.68  15.2  15. 
4S.92  2988  7.82  15.4  15, 

44.44  2518  7.54.15.0  J5' 
48,oo2874  7.74'r5,2;t5 
5 1.44  3210  7.90' 15.4  16. 


56,003517  7,93  14.6  16, 

61.44  4005  8.08  14.6  16, 

5,764471  8.19  14.6  17, 

71,92  4920  8.27  14.6  17, 

I4"xj"  Web  Plates. 


9:66 


4744  1' 5^  «. 

^I.OOj^H  H. 

5444  J995  ^• 

59.004377,8. 
64,44497218. 
697655418. 
74.9260909. 

67.00  50608. 
7444  5^2s  8, 
81.7^' ^556  8. 
88.92  7264  9. 
96.007941  9 


i6|t6.3ji6, 
47  t6.5  16 
57  167  17, 

62  16.1  17. 
,79|i6.i  18. 
92' 16,2  18. 
02, 16.2' 19. 

69'i5.3  J8. 
85  15,2  19. 
96  15.1  19. 
04  15,0  19. 
JO  14.9  10. 
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Series  J. 


^5 


lo.' 


T 


^d 


in.*     In.  1  In.     In. 


ao'^xf  Web  Plates. 


39.92  1858  6.83I  13.6  13,5 
43,00  21 1 2  7.02  13.8  14.0 
45,92  23507,15  13.9  14,5 

41,44  I967'6.89l  13.6' 13.8' 
45.00  2256  7,08  137'  14.3 
48,4425277.23,13,9  14.8 

53,0027697.23113.3  15.2 
58.44  3161  7.^  n.2 15.6, 

6376  3535>4S'»3'i  16,0 
68.92  389417.52,12.9  16.4 


22"xl"  Web  Pktes, 

'4«42 
51.50 

5442 


2(505  7.3414-9!  14^3 
291717.53  i5i!i4-8 
32107.67  i5.3;i5.3 


49.942740741  iS'J  14*8 

53,So'3096  7.6i  I5'2,i5.3 

56-943432  776  t5-3>S7 

I  '        I 

^1*503739  7'8o  14.6  16.1 

66.94  4227  7-93  t4'6  16,5 

72,264693  8,05  14.6  16.9 

774251428-15  H-6  174 


24"xr'  Web  Plates, 


'3  53-44  34468-031 16,1  16.0 
.9  57,0038768.2516.416.5 
.4    60.44  4283  8.42I  16.61 16.9 

9  65.0046658.47,16.017.4 

4  70.44  5  260  8 .64  1 6,0  17.9 
9  75,76  5829  8.77  16. 1  18,^ 
3  80.9263788.88  16.1  18.8, 

5  73.0053488.5615.3  18 
I  80,4461138,7215.218,6 

6  87.766844  8.84  1 5. 1  1 9. 1 
9I  94-92  7552  8.93  15.0  194 

102.00  8229  8,99  14,9  19,7 


Series  4* 


Is 

i2 


III     '< 


I 


In.«       In.     In.      In. 


lo^'xi''  Web  Plates. 


44.92672 
48.006.90 
50,927,03 

46.44  6.78 
50,006.96 
53.44:7*10 

58,007.11 
63.447,24 
68,767.34 
7392742 


13.5I13.O 
13.6113,5 
13.714,0 

i3-s!i3*3 
13.6.13,8 

13.714,2 

13,414.2 
133  147 
134, 15-2 
2.9I157 


22"xi"  Web  Plates. 


53  92  7'24U-8|i3-9 
57,00743  15.01144 

59*92|7-57 J5-2  J4'9 

55-447.30l5.>  M2 
59.007.51  15.1147 
62,447.65  15.1  15,3 

67.007.69  14,6  15,6 
72.44  7.83  i4.6|i6.o 
7776  7.96, 14-6  16.5 
82,92  8.04' 14.5' 16.9 

24"xi"  Web  PUtes 


59'44'7^93|t6.o|i5,6 
63.oo8.i4'i6.3|  16.0 
66.44  8.3o'i6.5J  16.4 

71.00  8.36  16.0  16.9 
76.44  8.53' 16,0' 174 
81,768.6616.1  17.8 
86.92.8.76.16.1  18,3 

79,00845  I5-3N7  5 
86.44  8.60, 1 5.3  18,0 

9376  872,  t5.3>8-5 
100.9218.82  15,2  19,0 
toS.oo  8.89  15.2 1 19,5 


iMM 


TABLE  71.— Cantinued. 
PnopERTiES  OF  Four  Angles  and  Two  Plates,  Laceu 


Prop<*rtie3  of 

Four  Angles  and 

Two  Pliite0, 

Laced. 

Angles  Turned  Out 

and 
Ansles  Tumed  In. 


b  =»  Width.  Bac^  to  B 

of  Aniilt^,  lor  Ei^ui 

Moni«itt  oi  Inrnii 

about  Ajtw  A-A  nod  I 

for  Arutlcs  Tunied  Oi 

c  »  Some  at  b,  but 

vnth  AnKJ««  Turned  1 

d  -=  Depth  of  Web  Pbfia 


Serte* 
and  4. 


Series  i. 


Seriei  J. 


Series  j. 


Series4 


So 


25 


b  I 


S  Q 

oJ5 


112 


5         jl  =** 


11 

^■1 


<2o 


1^- 


I 


I 


to 


In.> 


In* 


In. 


In.  I  In. 


In* 


In/   I   In.      In.  ,  ki- 


ln.' 


In.      In.     In. 


In.'    I    In. 


26"  xi"  Web  Plates, 


26" if' Web  Plates, 


26^' xi"  Web  Plate*, 


26''ii*'Wfb 


63c6x 


SxSxi 


4^1 

'    i 

6x6x1 

8x9x1 
I 

'       1 
4 

J 


4x+xi 

i 

6x6xJ 

i 

i 

I 

SxdxJ 

i 
i 


43-94    3526  8.96  17,7  t8.o 

47.50]  4039  9.23  18.0  18,6 

50.941  4523  9  42  18.2  19.2 

55.50,  4990  948  17.7  197 

60.941  57*^^  9-^  17.8  20.2 
66.26'  "  ^ 


63SS 
71.42    7043 

63.50    5818 

70.94'  6737 
78.26!  7617 

85,42    8471 


9.82  17.8 
9  94  >7-9 
9.58  16.8 
9.75  16.8 
9.88  16.8 


20.8 

21.3 

20.5 

21.0 
21.6 


9,96  16.7  22X> 


92.50I  9289  10.02  16.6  22,3 


50.44'  3892 

54.00  4405! 

57.44  4889 

62.00  5556! 

67.44  6o68| 

72.76  6751 

77-925  7409, 

70.00  6184  9.4016.8 
77.44  7103!  9.58  16.8 
84.76  7983  9.71  16.7 
91.92  8837   9.81  16.6 

99.001  9655    9,88  16.6 


8.79  17.6  17.6 
9.05  17.8  18.1 
9.23  18.1  18.7 
9.2917-7  19*2 
9.49  17.7  19.7 
9.64  17,8120. 
9.76  1 7.9 1 20.8 

20.0 
20.4 
20,9 
214 
21.9 


28"xr  Web  Plate*. 


28"j[r  Web  Plate*. 


56.94'  8.63I17.5  17.1 

60.50  8.8817.717.6 

63.94  9,07!  18.0, 18-2 

68.50  9.15  17.6  18.7 

73-94  9-34  U^  n^ 

79.26  9.^7  17.7  19.7 

84.41  9.60  17.8  20.2 

76.50  9.26  i6,«ji9.4 

83.94  9.44  i^.'"^' 19*9 

91.16,  9.56  147120.4 

9842J  9.6- 

1^05.50!  9.7 

28"xl"Wcb?iaics.  2b"xi| 


53-44' 
57.00 

60.44,; 

65,00 

70.44 
7S-76| 
80.92, 

73*00' 
80.44: 
87*76: 
94.92 
102  ♦oo 


4728' 
5329: 
5898 

6458 
7299 


9.41 
9.67 
9.88, 

9.97 
10,171 


8106  10,35 

8885^10.47 

7447  10.10 

8536  10.30 

9579: 1045 
10594J  10.56 
11568  10.65  1 8.3 123.3 


18.8  18.6 
19.1  19.3 
19419.9 

19.0  204 

19. 1  20.9 
19^221.5 
19.3  22.Q 
18.3  21.2 
18,3121.8 
18.3I22.4 

!8.3j22.8 


60.44 

64.00 

67.44 
72,00 


5185 

5786 


9.27  18.8  18.4' 
9,51  19.0  iS,9 


6355;  9-71,19-3  19*5 

6915!  9.81118.919,9 

77-44    7756  10.01 1 19.0  204 


3o"ii"WcbPUte5. 


82.76     8563  10.21' IQ.  I  21.0 

87,92    9342|io.3i|i9.22i,5 

80.00  7904I  9.94118,320.7 

87.44  8993  10.14  18.3  21.2 
94.76110036  10.30, 18.3: 2  1,7 
IO1.92'lIO5M0,42  18,3  22.2 
109.00  12025  10.50  i8.4;22.8 

30"  X  J"  Web  Plate*. 


67.44 
71.00 

7444 
79.00* 

84.H 
89.76 

94,92; 
87.00 

94-44 

10176 
108.92 
116.00 


9. 15' 18.7  17.8 
9.3H  19.0  18.3 
9.57  19.2  1S.9 
9.66  18,9  19.5 
9.87  19.020.0 

10.03  19.110. 

I0.l6n9.2  21.0 

9.81' 18.420.2 
10-001 1 8. 4  20.7 
io.i5'i8.4  2i.2 
10.27184  ;t7 
10.37  1 8. 1 

"WebP: 


90.44| 


Wefe 


7444 
73^.00 
81.44 
86.00 


tjjo5  ll 
9-27  I' 
94511 
9*55  *l 


56.44I  5670I  10.0220. 1 1 19.9 
10,3020.5120.6 
10.51,20.8121.2 


60.00, 


63-44: 
68.oo| 

73-441 
78.76 
83.92 
76,00 

8344' 

90.761 

97-92' 

105.00 


6367 
7027 
7690 


10.64 


8670  10.86 
9613;  1 1,05 
10522:11,20 

R857!  10.78] 
10129  11.02 
11352  u. 20 
12541,11.32 
13685  1142 


20.51217 

20.7|22.2 
20.9122.8 
21.0|234 

I9.9'22,5 

19.923,0 
19.923.6 
20,0  24. 1 
20,0  24.7 


63.94 
67,50 
70.94 

75-5° 
80.94 
86.26 
9142 
83,50 

90-94 
98.26 


6233 

6930 

7590, 

8253I 

9233: 

10176 

iio85j 

9120 

10692 

11911; 


10542  13104 
112.50114248 


9.8820. 
10. 1 2  20 
10.35^20 
10.46  20 
10.68  20. 
10.86  20. 

11.02 '20. 
10.62  20 
10,85  20 
U.02  20. 

n,t5!20, 

11.25)20. 
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.0|i9-5 
4:20.0 

720.5 

4'' 2 1. 2, 

.6,11.8 

722.3 
.9^22.9 

.l'22.S 

223.1 

.2I23-6 

2!  24.2 


71.44!  9,76  20.0  19,0 
75.00:10.0020,3  19.6 
78.44  10.20  20,5  20.2 
83.00' 10.30  20.3  20- 8 
8844:10.51  20.5  214 
93.76  10.7020.631.9 
98.92  I0.S5  20.8  22,5 

91.00;  10.4'^'  in  «  M    : 

98.44  10  7 
105.7610.8; 

112.92'!  1.00  19,9  23.11110.42  i 

i2o.oo'fi.ii'i9.9  2V7  12750  1 


diUriMi 


d 


TABLE  H.'—Continvrd, 

PROPBRTtES  OF  FoUR  ANGLES  AND  TWO   PlATES,   LaCED* 


Turned  Out 
and 
ftXumed  In. 


b  -  Width.  Back  to  Back 

of  Anfil«,  for  Equal 

Moments  of  Inertia 

about  Axes  A-A  and  B^B 

with  Angles  Tunied  Out. 

c  —  ^me  as  b,  for 

Aneles  Turned  In, 

=  Depth  of  Web  Plate*  +  4" 


Serici  s. 


In.* 


M 

as 


In.      tn.     ta. 


xi"  Web  PUies. 


Series  a. 


Ia.» 


11 

Is 


In.* 


In.   ,  In.  I  till 


32"xi"  Web  Plates. 


Seriet  J. 


In.' 


5a 


In.   I  tn.  I  In. 


^i'^xi"  Web  Plates. 


Scrks4< 


Is 


55 


In.*    I    In. 


In.     in. 


32"3tll"  Web  Plates. 


6725110.65  il.4  21,1 

752511094 
838411.16 

9058  "jO 

iot89 


277 
[2328 

10419 


n.55 
11.75 
11.90 

M.50 


I1R90JI174 
tj  305  In. 92 
t4685  12.06 
(6011  t2.i8 


21.8,21.8 

22. t  22,4 

I      ^ 
2l,R  23.0 

2  2.0;  2  5. 6 
22.2  24 
22424 

iMil  9 

21424.6 
21.625.3 

2i.6|2v8 

21,6|26.2 


67,44!  7408 

71.00,  82o8| 

74.44  8967 
79.00'  9741 

84.44  I0872I 
89. 76  11 960 

94.92,13011 

87.00  11 101 

94.44  1 2573 
rol.76  13988 
IO.S.92  15366] 
II  6.00  16694 


t047|2i.3| 
to.75  21.7 
10.97 
II. II 


21.7 

11.55I22.1 

Ii.72j22.3j 
11.30  21.3 


11.55 

ti.71 
II. B9 
12.00 


214 

21.5| 

21.5 

21.5I 


20.7 
21.3 
21.9 

22-5 
23.1 
23,6 
24.2 
23.3 
24.0 

H-7 
25.2 
25.6 


7S-44| 
79.001 
82.44 
87.00 
9^441 
9776, 
102.92 

9S-00 
102.00; 

iot).76 

116.92 

124.00 


10.35I21.2  20.2 
10.60  21.6  20.8 

10.B2|21.8|2t.4 

10.95I21.6I21.9 
11.18  21.8  22.5' 
ii.37'2i.9!23.i 
Ii.54|22.ij23.7 
11.14  21.222.8 

li.4o'2i.3^3.3 
11.5^;  214I24.1 
1 1 1.72  2 1.41 24.6 
U.85I214I2S.1 


83.44  10.25  2 
87,00  10,502 
90^44, 10.70  2 

95.00  lO.SO  2 
100.44  U  .04  2 
105.76  11.23  2 
110.92  11.38 
103,00  II. OO' 2 
110.44  11.25  2 
117.76  11.422 

24.92  U.572 
132.00  11,70  2 


1.1  19.8 
1.4  20.4 
1720.9 

1,5'214 

1.7  22.0 

1.8  22.5 
2.023.1 

1.2  22.2 

1.3  22.9 

i'3|23"S 
1.3  24.0 


kr'WebPUtcs. 


34"xr'  Web  Plates. 


34"xi"  Web  Plates. 


34"xil''WcbPlates. 


7R99  11.25  22.622.2 

8809  11*5^  21.0  22-9 
9673  1 1. 80  23 .4  23 7 

ro568  1195  i3  2  24-3 
K1S60  12.23  23.424.9 
I3105  12.4;  23.725.6 
14307^12.63  23.9  26.2 

12138  I2.t6|22.8  25.2 
13823  12.44  22,9  25.9 
15447  12.65123.1  267 
1702712.81,23.1  27.2 
18554,12.97123.21277 

bsi"  Web  Plates. 


70.94'  8718  11.08  22.5  21.8  79.44' 
74,50  9628  11.37  22.9  22.5  83.00 
77,94  10492  1 1.60  23.3  23,2  8644 
82.50  11387' 11*75  23033.8  9i'Oo| 
87,94  1 2679!  12.02  23,2  24.3  96.44 
93.26  13924  12.23  23.5  25,0  101.76 
98.42  15126.12.37123.725,7  106.92 
90,501295711.9722.724.6   99.00 

97.94  I4642I  |2.24'22,9l254  106.44 

105.26  16266  12.44,23.026,1  113.76 
112.42  17846  12, 6o|  23,0!  26.6  120.92 
119.50  19373' 12.75U3.1I27.1  128.00 


10.95  22. 
It. 21  22 
114523, 
U,58'22 
11,8425 

12.03  ^3 
12,20,23 

11.80  22 
12.0622 
12.25  22 
12.4423 

1^-55  n 


4  214 
8  22.0 
I  22.6 

923-3 

,1 23.8 

424.5 
,625,2 

.6  24. 
.8  24.8 

925-5 
.0  26.0 
,1  26.5 


36"xJ"  Web  Plates. 


36"!  1"  Web  Plates. 


87.94  io.85'22.3  21.0 

91.50  ll.I0'22.7  21.6 

94.94|ii,3o|23.0|22.i 

99.50  11.45  "■7!22.S 

104.94' 11.70  22.925.3 
iio,26|ii.89  23.2  23.9 
n542|i2,05  234  24.4 
107.50  n.65  22,5  23.5 
114.94:  II. 90  22.7I  24.2 
122.26  12.1022.8  24.9 
J29.42  12.2822.9  25-4 
136.50  12.4023.0I25.9 

36"xii"WebPlateii. 


9199  11.85 1 

[OJ25|l2.l8 
1201|1245 

U327  12.60! 
fj6go  12.85! 
t^ioi  13.12 
I6466  13.321 


23.9234 
24.3  24,1 
24.724,9 
24.625.5 
24.8  26.2 
25.1  26.8 
25.3  27.5 

24,3  26,5 

24,5  27.3 

M  72S.r 

1  7  28,6 

.  H29.1 


7444! 

78.00 

81.44 
86.00! 

91  "44 
96.761 
ior,92 
94,00 
10144 
10876 
115,92 
12;  c*^ 


ioi7t|n 
1 1 197  II 
12173  12, 
13199  12 
14662  12 
16074  12 
17438  13 
14994  12 
16907  12 

1875413 
20552  13 
:22go  13 


23.9123.01  83.44]  1 1 

24.223,7    87.0011 

24.5244    90*44|12 

95.00  12 

10044  12 

.,^--,..  .^.3  io576|i2 

.08,25.5  26.9  110.92  12 

.64  24.2  2^^,9103  00  12 
.92! 24.4  26.6  110,44' 1 2 
14:24,6274  11776  12 
32  24.6  28.0  124,92  M 
45  247  2«.5  «32.oo  13 


90 


244  25 

24.825. 

25. 1 1 26. 


■55^3.91 
,8424.21 
,06  24,4 

,22'24.3| 

,482471 
7024.8 
9025.01 

45  24.01 
74  242 
95  244 
09  24.5 
25  24,6 


227 

^3.3 
23.8 

244 
25,3 

25 -7 
26.3 

25 

26.1 

26.8' 

27-3 
27.8 


92.44 
96.00 

99-44 
104.00 
109.441 

11476 
119.92; 

112.00! 
119.44 

126.76 
133.92 
141.00 


11.45  23.5I12.3 
11.7023.822.8 
11.91J24.2J23.3 

i2.o6!24.i!23,9 
I2,30i247|24,9 
12.5425.225.9 
I2.7ij25,8i26,9 

12.3023.924,7 
12.5724  1  2;  4 
12.78 1 24.3  26,1 
12,96, 24.4' 26.7 
1312I24.5  27.2 
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Four  Plmtes. 

^u=. 

L 

d  »  De2>th  of  W«b  PUtes  Pki  i".         ■ 

la 

1 

Series  i^aaitdi^. 

Series  t. 

Series  a. 
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(2 

AjtU  A-A. 

AxiaB-a 

1 

1 

Axis  A-A, 

4«is  B-B. 

1 

I 

Aria  A-A.   1  Axx$  B-H  H 

St  re  of 
Anifle*, 

8 

1 

f  ^ 

=0  2 

J! 

It 

1% 

ii 

3. 

0 

0   . 

^^\1;  \m 

A        U 

^A 

to 

TB 

A      1      Ia 

•■a 

Ifi 

»'ii 

A           I* 

tA            »■       V^l 

In. 

In, 

Iii.=   j    In.< 

In.        fri.<        In. 

in.«    j     ln.< 

IR. 

ln,« 

m. 

In.«       In.* 

id.       In,*  1   ujl 

12"  X  i"  Web  Plalcs. 

12"  X  i"  Web  Pbtcs. 

12'  X  r  WebPUi«.J| 

j^j^i 

14^1 

25.26 

717 

v3i 

443 

4.19 

28.26 

7^1 

5.16 

481    4.13 

31.26     789 '5-0* 

.1     4 

** 

"    - 

28.76 

874 

5^51 

499 

4.17 

11.76 

910 

5-35 

538   4,12 

34.76     946  5.21 

* 

32.26 

1037 

5.67 

557 

4.15 

35.26 

1073 

5.52 

595  4^11 

38,26 

1109 

5-39 

643  4  M 

3^31^1 

iWr 

^7m 

793 

5.33 

Sit 

4.28 

30.94 

829 

S.iH 

550  4-22 

33.94 

86s 

5-05 

" 

"  s 

3144 

950 

5-50 

568 

4.26 

U.44 

986 

5.35 

607 '4-19 

57^44 

1022 

S.23 

i 

34-94 

1113 

5.6s 

626 

4.23 

37'94 

1149 

553 

664  4*18 

40.94 

1185  1 5.38 

iUiUl 

i6xt 

30.92 

890 

S.36 

737 

4.88 

31*92 

926 

5.22 

786  4.8 1 

16.92 

962    5.10 

** 

34,92 

io(,9 

5.53 

822 

48? 

17'93 

1105 

540 

87 »   4-79 

4092 

1141    5.28 

38.92 

12>4 

5.68 

907 

4.83 

41.92 

1290 

5-55 

956  478 

44-92 

1326    5.43 

' 

3Jx.?5x! 

l6x 

34.00 

97* 

5-34 

«40 

4.97 

37.00 

1007 

5.22 

8t;o  4.91 

40,00 

1043  5  n 

** 

**  • 

38.00 

1150 

5.5i 

926 

4-94 

41.00 

I  186 

5.38 

975  4S8 

4400 

3222    5.27      !                         1 

"     1  '•  1 

42.00 

1335 

SM 

lOIl 

4.92 

45.00 

1371 

5,52 

1060  ,4.86 

48.00 

140754*                               1 

1 

14"  X  r  Web  Pbtes. 

14"  X  i"  Web  Plate*. 

14"  X  I"  WcL 

Jhjixj,  iSxJ 

1T'92 

1317 

6.24 

1093 

5.68 

174^ 

1374 

6.06 

1 183  '5,62 

40.92 

»43i  .5  9> 

1 

** 

■ 

3B42 

1583 

6.42 

121S 

5.6, 

41.92 

1640 

6.26 

1304  I5.58 

4542 

1697 '6.12                    1 

It 

42.92 

1857 

6.S8 

1336 

5.58 

46,42 

1914 

6.42  1 

1426 

5-54 

49.92    197 1  |6.2»    t 

34«ixJ 

l8x|[ 

37.00 

1432 

6.22 

1235 

5.78 

40.50 

1489 

6.07 

132'; 

5.72 

44.00   1546  5-93    ' 

U 

41. .sO 

ifjoH 

6.40 

n;7 

^.72 

45.00 

1755 

6.30 

1446 

5.67 

48.50    1812  6.12    I 

** 

46.00 

1972 

6.55 

1478 

5.67 

49.50 

2029 

6.41 

1568 

5.63 

53.00  j  2086,6,18,  i 

4X4^1 

I8xl 

35.44 

1363 

6.20 

1057 

547 

3894 

I4I5 

6.03 

1130 

5.39' 

42.44    1473   ^  '  - 

**    i 

39.94 

1629 

6.39 

1178 

5.44 

43  44 

1686 

6.33 

1251 

5.37 

46.94    1743 

*(     1 

44^44 

1903 

6o5 

1300 

v4i 

47-94 

i960 

6.42 

1373 

5-35 

51.44   2017  t^ 

'^%.L^ 

4x4xi 

iSxJ 

39.00 

*494 

6.19 

1203 

5S6 

42.50 

1551 

6.04 

1276 

548 

46.00    1608  5.91 
;;o.50   1874  6.09 

'i»m 

"  4 

43^50 

1760  ,6.36 

1325 

5'=;^ 

47.00 

1817 

6.22 

1397 

545 

"     I  "  i 

48.00 

2034  6.5 1 

T446 

5-49 

5«'50 

2091 

6.3" 

1519 

543 

55.00  2148 

6.25   tjt^Bj^B 

i6"xrWcbPbte8. 

16"  Xi"  Web  Plates. 

i6''Xt''WebF1it«^H 

jjxjjxli  ioxi 

41.92 

2234 

7.30 

1 7 16 16.40 

45.92 

2319     7.11 

1863 

6.37 

49,92  1  2405  16.04 

2001 9)^H 

•'  1 

46.92 

2622 

7.48 

1883 

^'34 

50.92 

2707 

7.29 

2030 

6.32 

54-92 

2 "" 

- ' "  ^^^^H 

"1 

51.92 

3022  ,7.63 

2049 

6.28 

55.92 

3107 

746 

2196 

6.27 

59.92 

; ' 

^^^1 

3ix3i«i:20xi 

4S.OO 

238917.29 

1903 

6.qo 

49.00 

2474 

7.11 

2050 

6.47 

^%.oo   2- 

"^^H 

«* 

50.00  I  2777  1745  1  2069  16.43 

^400 

2862 

7,28,2217 

6.41 

!;8.oo    : 

!^^l 

t« 

** 

5S.OO 

3177  J7S6 

2236  6.4s 

59.00 

3262 

7*44 

2383 

6-35 

63.00    ; 

^^H 

4^4x1 

20X 

43-44 

2298 

7.28 

1674  6.21 

47.44 

2383     7.09 

1797 

6.16 

51.44 '- 

!^H 

4«44 

2686 

7.44 

1840  6.16 

s;2.44 

2771  7-27 

l^\ 

6.12 

56.44    : 

0^1 

53^44!  3086 

7.60 

2007 ,6.13 

S7.44 

3i7<  743 

2130 

6.09 

61.44,  ' 

^^1 

4X^i 

20X 

47.00   2474 

7,26 

'  1869 '6.31 

51.00 

2559  7*09 

1992 

6.25 

55,00    . 

^^1 

52.00   2862 

743 

203  s  6,26 

56.00 

2947  7-^6 

2158 

6.21 

60.001  3 

!^^l 

57.00   3262 '7.55 

2202  16.22 

1 

61.00 

3347  741 

2325 
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L 

332 

1 

TABLE  12.— Continued, 
PaoPERTrEs  OF  Four  Angles  and  Four  Plates, 


Propertie*  of 

Four  Aagks  and 

Four  Plaiea, 


1 


.A 


Edges  aS  Angles  Flush  with 

£4b«»  of  Cover  Piates. 

d  »-  Depth  of  Web  PUte»  Piui  {" 


«  J  and  3. 


i 

i 

I 

o 
U 


In 


22x) 


l8x 


Serie»  i. 


1 


AxisA-^4.      AxiffB-B. 


i  S 


i 


In-'      In.* 


r-3 


li 


In. 


In.< 


li 


18"  X  i"  Web  Plates. 


49-92 

554^ 
60.92 

53.00, 
58,50  3888 
64.00  4431 


3158! 
3686 
4329 
3360 


5144 

56.94 
62,44 
55.00 


3H3 
3771 
4314 
3472 


60.50 1  iooo 
66.Q04543 


797 
8,15 

8,34 
7.96 
8.16 
8.32 

794 
8.14 
8.32 

7'9«; 
8.13 

8>30 


2564  7.17 
2786  7.10 
3008  17.03 
2802  7,27 
3023  1 7. 20 
324s  7-13 
2484  ]6,95 
2705  6.89 


2927 

2734 
2956 
3178 


6.85 
7.06 
7.00 
6.94 


20"  X  J"  Web  Plat«. 


57.00  4426 
63,00  5127 
69.00:5844 
59.92  14664 

65.92:5365 
71.9216082 


34xi 

.  J 
i  71.00  5988 1 

Z4xi  62.44  4841 
'       68.44  5542 


8.83  1 3717 
g,02  I  400^ 
9.22  I  4293 
8.82  3999 
9  02  4*'^7 
9*2214575 
8,80 '  3640 
9,01  3928 
9.18  4216  17.71 
8.80  3952  7  96 
_.„  _  9.00  4240  1 7.87 
7^,4416259   9.171452817.80 


.00  '4571 
;.oo  5271 
.00 


8.08 
7.98 
7.88 
8,18 
8.06 

jM 
I'll 


22"  X  r'  Web  Pbtes. 


77.00  7930! 

«4.f»  8949 

>226; 

123 


70.00  I693 3;  9.96  j 
10,15  ' 
10-32  j 
9.961 
10.15 
10,31 


72,007112' 
79.00:8109; 
86.009128^ 
75.44  7448! 
82.44  K445 
89.44  9464 


9.95 

to.  1 3 
ro.30 

9-94 
10.12 
10.28 


63s J  953 
6808  9,40 

n<^S  193 » 
6758  I9.63 
7^t6  9.51 
7673  9.40 
6276  ,9.34 
6733  .9.24 
7»9i  [9.15 
6731  '9-45 
7I«b:9-34 
7646  9.26 


Stri«»  a 


I 

■3 


Axil  A-A,  ,   Axis  B-B, 


6  „ 


Iii.»      In,*       In 


"Sd 


la.*        In, 


m  ° 
§■5 

II 


18"  X  I"  Web  Plates. 


54,42  [3279 
59,92:3807 
65.42  I4351 

57.5013481 
63.00  4009 


4553 

3364 
3892 


68.50 

55.94 
^1*44  .   , 
66.94  4436 

5900;  3593 
65,0014121 
70.50  4665 


7.76 
7.98 
6,16 

779 
7.98 
8.15 
7,76 
7.96 
S.14 

7-77 
7.96 

ill! 


1780  7.16 
3002  7.11 


3224 
3018 

3239 
3461 

2669 
2891 

3113 
2919 

3141 
J3<>3 


7,02 
7*25 

7.17 
7.11 

6,91 
6,86 
6.8 1 
7,01 
6.95 
6.91 


20"  X  i"  Web  Plstcii, 


62.00 
68,00 
74.00 
64,92 
70.92 
76.92 

64.00 
70.00 
76.00 
67.44 

73-44 
79.44. 


8.61  I  403 1  J8.07 


4593 

5293  8,83 

6011  9.01 

4831  8.62 

5531  8.84 

6249  9.02 

4737  8,60 

5437  8,82 

6155  9,01 

5008  8,62 

57o8[  8.82  ^,.-  ,,  ., 

64261  9.00  1  4804  1 7.78 


17,98 
7.89 
8.15 
8.06 
7-97 
7.84 
77« 
449-1  770 
4228  7,92 
45  »6  7,84 


4319 
4607 

43>3 
4601 
4889 
3916 
4204 


22"  X  i"  Web  Pbtcs. 


7550  715s 


8152 
9171, 
7448 
8445! 
92,42J9464|io.i3 

77.50 '7334   9.74 
84,50  8331!  9.94 


82.50 
89.50 
78.42 
8542 


974 
9-94 

0.13 

9.75 
9-95 


91.50  9350 
80.94  1 7*^^70 
87.94  ^^^1 


10,11 

974 
9-94 


94.94  9686' 10.  J I 


6894 

7351 
7809 
7302 
7759 
8217 

6764 
7222 
7679 
7219 
7677 


9*56 
9,44 
9-35 
9-^5 
9-54 
943 
9*35 
9.25 
9.16 

945 

9  35 


Si 34  9-26 


Series  5. 


I 


In.t 


Axis  A-A. 


SI 


Ia 


ln,4      In, 


Axis  B-B. 


u 


In.*      In. 


18"  X  r  Web  Plates, 


58,92 
64.42 
69.92 
62,00 
67.50 
73-00 
60,44 

6594 
71.44 

64.00 
69.50 
75-OQ 


3401 

7-60  1 

3929 

•7.81 

4472 

8.00 

3^3 

7.63 

4131 

7.82 

4674 

8.00 

3486: 

7.59' 

4014 

7,80 

4557 

8.00 

3715 

7.62 

4243    7.801 

4786!  8.00! 

29897.13 

32117.06 

3432  7,01 

3226  7,22 

34487.15 
36707.09 

2849'6.87 
3071  6.82 

3293679 
30996,96 
3321,6.93 
3^43 16.88 


20"  X  J"  Web  PUes. 


67,00 
73^00 
79.00 
69.92 


4759; 
5460 
6178 

4997 


75,92  (5698 
81.92  16416, 
69,00  I4903 
75.00  5604 
81,00  6322 
72,44  I5174 

7«.44'587S 
84.44  16593 


845  :4337j8,04 
8,65  46257.96 
8.85  4913,7.89 
8.46  461 9j  8, 1 2 
8.67149078,04 
8-86 '5195  7,96 

8.44  4i84'779 

8.65  |4472|773 

8.84  47607,67 

8.45  144967  88 

8.66  f4784!7.8o 

8.85  I5072  776 


22"  X  1"  Web  Pbtes. 


81.00 
88.00 
95.00 
83,92 
90-92 
97.92 
83.00 
90,00 
97.00 
86,44 

9344 
100.44 


7377|,  9.55 
,8373  976 
,9393  9-95 
,76701  9.56 
'8666|  9,76 
9686J  9.95 

7556,  9.55 

85521  975 
957210.0,1 
7892;  9.56 
'SSS8  976 
9908    9.96 


174229.58 
17879  9-47 
18337907 
78309.66 
82879,56 
|8745|9.45 

172429.35 
76999.25 
81579.17 
7697  945 
^^549*35 
S6129.26 


a 
I 
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TABLE  73. 
Properties  of  Four  Angles  Laced  and  Eight  Angles  Battened. 


Foui  Angles, 

K 

Eight  A&fika.                                 ' 

4 

wi 

Jk- 

h^^ 

'   '    i 

^      r4i. 

f^ 

jt  J 

1^i.A,j^^^^X 

r      J       1 

lY-r-^i 

A 

Lftoed  <Bo3r  CoLumn). 

Battened  (Gray  Column), 

of  Anglic 

Area 

of  Four 

AjdsA-A, 

of  An^Iea. 

Aim 
of  Eight 
lAnfila, 

AxbA-A, 

si 

is 

11 

II 

11 

IS 

il 

II 

,11 

Ia 

Ta 

U 

TA  '    Ia 

I-A 

U 

Ta 

U 

ta 

Ia 

r* 

Id. 

In.' 

In.< 

In. 

In.* 

la.  ,  In.^  1  Iq. 

In. 

In.» 

Id.< 

In. 

Ifi.' 

In.  ,  la.* 

lEL 

V^ue  of  d  In  Inchu. 

.   Value  of  din  Indie*.            j 

8i 

lOi 

I2i 

"i        ]         I4I 

l6i 

'JJ^'j 

^76 

72 

3-53 

117 

4.50 

174 

5-49 

3x3xi 

11.52 

.83 

3,97       2ST 

4.67 

330545 

S,4+ 

ID3 

34« 

167 

44S 

249 

5-44 

-     i 

16.88 

263 

3.95       362 

4^63 

4785.33 

"    i     ii.oo     130 

3-44 

214 

441 

320 

5-39 

"     i 

22.00 

33«i 

3.92      466 

4.6G 

616I5.21? 

loi 

iti 

Hi 

Hi              Hi 

i6i 

iUiM 

9.92 

190 

4-38 

284 

S-35 

398 

6.33 

3i*3> 

19J4 

306 

3-931     419 

4^59  j  SSI 

5.J8 

"   i    13.Q0 

^43 

4-32 

365 

>;  30 

'in 

6.18 

26.00 

394 

3.89 

542 

4.S7    7i<S 

5-5 

15.92 

291 

4.28 

440 

5.26 

620 

6.24 

*i 

31.84 

476 

3-87 

4^54    m6.Z2\ 

' 

I2i 

h5 

i6i 

Hi 

i6i 

^8i 

4x41 

"44      316 

5.26 

444 

6.23 

596 

7.22 

+^t 

22.88 

477 

4^5^ 

628 

SH 

80215.91 

15.00  '    408 

5.22 

575 

6*19 

77s 

7.17 

"    i 

30.00 

618 

4*54 

«IS 

S.21 

10425.89 

1S.44      49< 

S.i6;    695 

6.14 

935 

7.12 

"    { 

36.S8 

750 

4-51 

990 

S.18   ll^\lM\ 

i        163 

m 

20J 

m 

M          1        22l 

6xbx| 

17.44      824 

6.S7 

1072 

7-84 

13.54 

8.81, 

6x6x 

34.88 

1180 

5,82 

1463 

6^8,1781 

7^i| 

23.00  '  1072 

6.S2 

139B 

779 

<769 

8.76 

** 

46.00 

t^42 

;*79 

1914 

645  ;233I 

7.1; 

28.44    1306 

6,77    1705 

774 

2161, 

8.72 

U 

S6.8S 

1887 

5.76 

2343 

6.41  '1856 

7,oS 

3376    15^6 

6.72  m^ 

7.6S  2S3S 

S.66 

67-52    2216 

S-73 

27SS, 

6^39,33^7«^i 

The  table  given  above  is  intended  to  serve 

The  table  given  above  is  intended  to  sen-c 

only  as  a  guide  in  the  choice  of  sections  and  not 

only  as  a  guide  in  the  choice  of  sections  and  riot 

as  a  complete  tabic.      The  properties  of  other 

as  a  complete  table.      The  properties  of  other 

sections  mar  be  found  a$  follows:                             1 

sections  may  be  found  as  follows: 

Example;    Required  the   properties  of  a 
square  box  culuran  consisting  of  4  ^  4"i4''j:i", 

Example;    Required   the   properties   of  1 
column  consisting  of  B  A  4"i4''ii",   battened. 

laced,  I3i  in,  back  to  back. 

15  i  in.  back  to  bacL 

Solution:    Table  32  evidently  applies   to 

Solution:    From   Tables  52    and    35    tk 
moment  of  inertia  about  axis  A- J  equah  645 

angles   with   legs   turned   in,  as  well  as  angles 

with  legs  turned  out. 

+  43  =  688  m*  and  the  area  equals  2  X  IS-^ 

Area,  from  Table  32  =  15*00  in* 

==  30.00  sq.  m» 

^A  -  ^%T  ^^^  Table  32  =  467  In.* 

The  radius  of  gjTation  equals 

^A  =  V;^  -^  ^^  ^  V467  ~  15.00  =  5.58  in. 

T  ~^I  -^  A  =  \'688  4-  30.GO  =  4.79  in. 
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TABLE  74. 

^^^^ 

pRQPSRTtES  OF    ElCHT   ANGLES   AND  ThREE   PlATES. 

nr                     d  -  Widtb  of  Web  Plate 
1                                    PluA  One.hjtif  Inch. 

Eight  Angl-                                A_^  — 

_    A 

L                       b  >=  Width  of  Ftajjge  Fiai^ 
9                                  Plus  One-hair  Inch. 

pJL^ 

!                       Larife  Section*  may  be 
_^^                                Laced  on  Opcc  Sides. 

is 

AxiaA-^A. 

AxU  B-B. 

Sine  of 
Web 

file  <>f 
Fiance 

SlieoT 

Siitf  of 

TotaJ 
Area 

i\(oinent  of 

Radius  of 

Moment  of 

Radlut  of 

VS^ 

Ptatei. 

Iiuide  Angle*. 

tnetiiB. 

GymlJon, 

Inertia. 

Gyrailon. 

A 

Ia 

U 

lu 

ffl 

In. 

I«- 

In. 

Id. 

In.* 

lii,< 

In,                  In.* 

lA. 

182} 

i8x 

jUiWi 

Jlx^lxl 

46.84 

3238 

8.31 

1 198 

5.06 

(« 

"  1 

S')7S 

413s 

8.32 

1534 

5.07 

• 

"    i 

723+ 

5016 

832 

1856 

5,06 

iO% 

ior 

4X4X 

4x41 

60.00 

5051 

9.17 

1976 

5.74 

M 

it        1 

74-38 

6261 

9.17 

2431 

5-71 

** 

*! 

88.52 

7459 

9.18 

2875 

5-70 

m 

223t 

4X4X 

4X4X 

71-24 

7319 

10.13 

2708 

6.16 

*« 

** 

41 

86.37 

8885 

10.14 

3285 

6.16 

101.26 

10434 

10.15 

384s 

6.16 

V 

^ 

4X4X 

i%4x 

75.00 

917s 

11.05 

3356 

6.69 

*' 

'* 

90.88 

11139 

11.06 

4070 

6.69 

M 

«(   ' 

«« 

** 

106,52 

13083 

11.08 

47^7 

6,68      1 

i6x 

■m    ' 

16X 

6x6x 

6x6x1 

126,02 

J  7447 

11.77 

7021 

746 

** 

r  * 

146.09 

20234 

11.77 

8102 

7-44 

"    t 

**  1 

"    I 

*'  1 

166.00 

23001 

11.77 

9168 

7.43      1 

l«t| 

i8%| 

6x6x 

6x6x 

130.52 

2to8r 

12.71 

8376 

8,01 

** 

ISK34 

24456 

12.71 

9672 

7.99 

I 

"    1 

''    I 

172.00 

27809 

12.71 

10943 

798 

1^4 

Soxl 

6x6x 

6x6xi 

146.27 

27369 

13*67 

10456 

8.45 

'*    1 

**  I 

At 

"    I 

167.84 

31433 

13.68 

11988 

8.45 

-    I| 

"  il 

*'    1 

it      1 

189.25 

35477 

13.69 

13496 

8.45 

The  above  ublc  is  intended  to  serve  only  as  a  piiidc  i 

n  the  choice  of  sections  and  not  as  a  com- 

pktc  ublc    Hic  properties  of  other  acctioas  may  be  fou 

nd  as  follows: 

r— 

-"*'?:   Rcquincci  the  properties  of  a  section  com 
latci,  four  4"  X  4"  X  4"  inside  angles  and,  1 

nosed  of  a  20"  X  1"  web  plate,  two  24'' 
bur  6"  X  4"  X  }"  outside  angles  fastened 

.,  ^  .....^ 2or, i  =  24r 

Solatioa: 

Arc* 

Moment  of  Inertia « 

Radiiu  of  Gyrauaa. 

ttem. 

Axil  A-A. 

Axit  B-B. 

Axi»  A~A. 

AdaB-B. 

Table 
No. 

A 

T«bl 

ISTrt 

e         ^v 

Tabic 
No. 

U 

t» 

-1    1b+A 

In. 

Id,» 

'"^      1     In* 

In.* 

In. 

la 

I-Wb.  PL 

30xl 

I 

iz  50 

1 

417 

4 

0 

14X!     1       1 

4x4x4     32 

36.00 
is-oo 

s 
32 

3972 
1222 

3I 

1728 
56 

J7S06 

\91.26 

y^l.26 

,...'^A 

6x4x1 

34 

27.76 

34       1B95  1 

33 

3421 

Toua.. 

91.26 

Ia  =      7506  1 

iB  - 

5205  jr*  =  9.07 

m  -  7.55 
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TABLE  75 

Elements  of  Z-Bar  Columns 

American  Bridge  Company  Standards 


DlioeQikHu  ID  tndbec 


Rivets  f  Dum, 


'?i 


to. 


Slae  dt  Z-B^^ 


i 

i 


i 

t 

i 

i 


23 


IBs 


Sbc  of  FlsmjjM 


In. 


2i  X3      Xit 
:£HX3AX2  ■ 

a|  X3i 
^|tX3 

ai  X3AX2i 


X2ti 

xik 


6i 

if 
if 


a|  X4     Xzf 
2ttX4AX2}i 
3     X+i  X3 
1X4X3^ 
3AX4AX3A 
3*  X4i  X3i 

3AX4    XiA 

3 1   X4TVX3i 
3AX4i   X3A 


t 


Si 

SA 

8| 

84 

B 

84 
9 


3AX5     X3A 
3l    X^AXii 

3AXS4  X3A 

3l   XS     X35 

ii'.xsAxiA 

3J   X5I   X3i 
3^  XS     X3l 

3AXSAX3A 


,iDj 

Ml 


3i  X6     X3J      1^1 

3AX6AX3A  in'« 

3I   X6l  X3J     ,i3i 

3J    X6     Xjl      12A 
3AX6AX3A    12I 

31  x6i  X33  yn 

3i  X6    X3i     \m 
3f*X6AX3A    i^H 
31  X6t  X3i      i3i 


In, 


'i 


a 

2 

3i 


If 

2 


In. 


'1* 

si 


9,\ 
8! 

Si 

Si 


II 

Hi 

.03 

loA 

lOl 


SPIKOJAJltD'  DoCENSlDTfS 


--«'-^ ■9i 


1   i'^   '  '  y^ 


84-7 
105.1 
1X5.1 
134.6 
1531 


166,9 

199,4 

120.6 
sSO-8 
2B04 
296.3 
313-8 


193-9 
231.0 
267.6 
287.6 
311. 1 

354^3 
364.8 

39S-S 


15 


3.0 

3-0 
2.9; 

2.9i 

».9 


34 
34 
3-4 
34 
3  4 
3^3 
3-3 
3^3 
3.3 


3^S 
3-S 
34 
34 
34 
3.3 
3*3 
3-3 


337.0 
3914 
4446 
469.1 
SI  8.0 
S66.S 
5797 
622.5 
666.6 


3*9 
3-9 
3*9 
3*8 
38 
3*8 
3-7 
3*7 
3-7 


If 


31-7 
41.8 

534 
6/1 1 


65.7 

85J 
107.8 
115.61 
138.6 
163.0 
167.3 
192.S 
220.5 


147*4 
183.4 

22Z.O 

334^4 
273.7 

3  15 A  3-2 
320.0  1. 
363.0  5. 


11 

0 


2-4 
2.4 

2.5 
^4 

2.5 
^5 
i-S 

2.6 


3.0 

3 

3 

3 

3 


287.8 
346.9 
4092 
426.3 

489.2 
SSS*B 

562.4 
628.2 
699.1 


3*6 
3-7 
J-7 
3=6 

3*7 
5-8t 

3.7 
3-7 
3-8 


31-5 
39-6 
47.6 

53> 
61.2 


37^5 
47*0 
56,5 
64.3 

73*9 
85.6 
90.1 
99-9 

109.7 


511 

64  .Q 

750 
83,0 

93  7 
104.7 
11 1.0 
iai.7 


7^6 

977 
106.1 
1184 
130.9 

117-9 
149.6 
162.0 


136 


^^^^^^^^^^ 

^^^^H 

^^^^^^^^^^^^             Propbrties  of  Chord  Sections.                                 ^^^^^^^| 

I                                  McCljn IOC-Marshal  Construction  Co*  STAmjARDS.                                BH 

Properties  of                                    ^"          [ 

h~ — ' 

1  r"' — ' 

f            1 

"  ^                       LofiE  Lest  Turned  Out. 

Two  Angles  and 

Ir 

Top  of  Plate  t"  Below 

Odc  Web  Plalc                                                 | 

Back*  of  Angle*. 

1 

1 

Ajd»A-A- 

AxisB-B. 

1 
1 

■3 

tj 
.     3 

J 
1 

Alls  A-A, 

AxiaB-B,|  | 

i 

11 

11 

II 

u 

'1 

ii 

■a 

"e 

1 

II, 
&6 

■ 

A 

Ia 

^A    \    Sa 

t 

In 

rs 

A 

u 

u 

Sa 

c 

Id 

in 

In. 

In.s 

InJ 

In.     lo.* 

la. 

i,n.. 

la. 

In, 

In. 

Ia.= 

In.* 

In. 

ln.«  (  In. 

"5-5I3-04 

In,* 
3.1 

In.  1 
.80 

a   X2  Xl 

3.38 

It. I 

1.81 

6.3   1.77 

17 

.70 

lOXi 

2jX2lXi 

4.88 

47-2 

3.10 

2jXi  Xi 

3.62 

1 1.7  1.80 

7.1  1.66 

3-1 

.93 

»iX2iXft 

5-44 

SO.  1,3.03 '17.81 2.82 

3-9 

.85 

}  X»  X 
3  XiJX 

4.88|  49.313,19  16.8I2.93 

51 

1.03 

*  Xa  XI 

3.63 

I7I2.I7 

9.111.87 

1.7^  ,68 

5,12,  49.33.0917-02-90    5-2 

1.00 

x|X2  XI 

387 

17.8'2.14 

8.9|l,99'  3.1 

,90 

3  x*ixA 
sixiixi 

5.74!  52-2  3-02  19.62,67.  6,5[i.o6    1 

3    Xl   Xl 

4-«3 

18-7'2.13 

10,01.871   5.1 

1. 1  2 

5.38    51.33.0918.52.77,  8.0,1.22    1 

1   XalX 

4.37I   i«.7;2'07 

9.9!  1.90;  5,2 

1,09 

SJXJiXft 

6,06 

54,02.9921.22.55  10.1 

1.29 

4  X3  XA 

6.68 

557  2.89  22.8  2.44  14.8 

149 

'  '  "!  ^! 

5,88 

244' 2.5 » 

9,8248    1,7 

.66 

412    25.612.49' 10,912.34  3,1 

-87 

loxA 

ziXi  XA 

J  X2  xl 

6.07 

58.63.1019.1  3.07    4« 

.82 

^jxi 

43« 

25.6242  11. 01.3 3!  3.1 

.84 

575 

57.63.1618.23,16    5.3 

.96 

^iX;2»XA 
3    X2   Xi 

4-94 

27.112.3412.52.16    3.9'   -891 

J  XsiXA 
34XiJxi 

6.37 

61,23,10121,02,91    6.7 

1,02 

438 

26,8  2.47j  12.1  2.21 

5. 1  1.09I 

6,01 

60.03.1619.83,03    8.2 

1.17 

J     X2jX 

462 

26.812.41' [2.1  2.22 

5.2 

1,06 

3iX»4XA 

6.69 

634^3.08  227!2.8o!io.3  1,25    1 

J  X3  xA 

5lX2    xi 

jix2jxA 

5.241  2S.7  2.30,I3.6|2.04 

6.=; 

I, II 

4  X3  XA 
4  X3  xl 

7-31 

65.5  2.99'24.3  2.69  15.1  1.44    1 

4S8    27.9,2,39, r3.3i2.io 

8.01,28 

8.09 

68,3,2,91  27.2, 2,51  18.2 

I-SO 

5.56 

29.22,29  15.1  1.94 

10,1 

1-35 

S  X3  XA 

7-93 

69,22.96,27.8124928.7 

1.91 

5  Xj  xl 

8.8s 

72,1  2,8s  31. i|2.3a  34-4 

J. 97 

k34X2»xA 

3    X2lxi 

544 

31,7241  13.52-35 

4-1 

.87 

5  XjiXA 
S  X3JXJ 

8.25 

69.3  2.8927.62.51  28.8 

1.87  - 

5.12    31.3  2.4712.9242 

5-3 

1.02 

9,23 

7242.8130.82,3534.6 

1-94 

Is    X24XA 

jjxiixi 

5.74 
5.38 

33,2:2.40  148:2.24  6.7 
32.6246  14,212.30    8,2 

1.08 
1.24 

loxl 

J  XiiXA 

6.99 

69.5  3.15*2.23.131  6.9 

•99 

3|X2   XA 

6.06 

343  ^^}^ 

16.  t 

2,13  104 

1.31 

3JX2}XA 

7-31 

72.1  3,14  23,93.01  I0.6l,2l|   1 

4  XJ  XA;  7-93 

7453.0725.92.88  15.5 

1.40 

j|X2ixA 

6.56 

39- 1 

2  44' 1 7,1 '2.29' 10.6 

1,28 

4  XJ  xi 

8,71 

77,82.9928,7,271,18.6 

146 

i    X3    XA 
4    X3    xl 

7.t^ 

40.6  2.3S  18.1  2,22  15,2 

1.47 

S  Xj  XA 
S  X3  Xl 

8-55    78-9'3'03  29,3  2.69  297 

1.85 

7.96 

42.5  2,31  20.3  2.09  18.6 

1-53 

9.47    8242,9433,82.51  35.1 

1-93 

2|X2iXl 

4.63 

3543,7613.22.^ 

3.1 

,82 

l2Xi 

3  XajXi 

5.62    81,23,8022.23.65    5,2 

.96 

J  XA  xi 

463,  375:^8413.52.77 

5-1 

I, OS 

J  X2JXA 

jJXJlXi 

6.24 

86.2373125-63.37   6-5|i,02    1 

1    X24Xf 

^jxiixi 

487  37-0  2-75  1452.5s 

5-^ 

i,03 

5.88 

84,3;3-78,242'3,49,   S.o  1,17     1 

5*»3 

384273  i5^8M3 

8,0 

1.25 

jlX2jxA 

6.56   89.1  3.67127. 83,20  lo.i  1,24 

1              ! 

4  X3   XA 

7.18    92.03.5830.23,0514.81.44 

t5    XiJXA 

605 

4r  >i  J  f  A-r.^  2.62' 

6.7 

1.05 

S  Xj   XA 

7.80   96.8  3.52  34.3  2.82  28.1  1,90 

1.28 

S  XJ  xl 

8.72  100,83.41:38,62,61  33-8: 1,97 

1-33 

S  XJ  XA 

8.12    96.8  3.45  34.0  2.85  28.3  1.87 

4    X3    XAi   f'99    4'>»,i'^S  io-2  i4i  I5» 

1.48 

5   XjJXi 

9.10  100,6  3.33  3S.1  2,64  33,9  1.94 
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TABLE  77.— Continued. 
Properties  of  Chord  Sections. 
McClintoc-Marshall  Construction  Co.  Standards. 


Propertfef  of 
Two  Anjdes  and 
Ctoc  Web  Plate. 


Loftg  Left  Turned  Oac 

Top  of  plate  i"  Below 
Bac:ki  of  An^lris^ 


a 

1 

1 

AkuA-A. 

Ajcu  B-B. 

£ 

i 

1 

Aad,  A-A.         [^ 

i 

0 

1 

n 

1 

if 

S5 

1 

1 

1 

1: 

A 

Ia 

l-A 

Sa 

e 

Ib 

Fb 

tfl 

A 

U 

tA 

Ib.* 

e 

In. 

In. 

In.* 

In,* 

In. 

Ia.» 

In. 

In." 

In/ 

In. 

In. 

in.* 

In«  \  In. 

iH 

i^xA 

3   X2|Xi 
3  XiixA 
34Xiix| 

liXzixA 

6.37 

94.8 

3,84 

240 

3'9S 

S-J 

.92 

iiXi 

4  X3   X* 

12.50 

16H.63.67 

49.1 

1 

34V 

6.99 

1007: 3.79!  27.5 

3^67   6.7;  .9S 

5  X3  X     lii7i 

166,43.7646.8 

3^55 : 

6.63 

98s 

3.86 25,9' 3.81;  8.2  I, n 

5  X3  xi  113.50 

178.13.6355.9 

3-19^ 

7-3 1  i  104^5 

37e:^9-6 

3.53  10.}  1.19 

S  X3iX| 

14.00  178.2,3,56  sS7'3-o^ 

4  X3   XA 

4  X3  X| 

7.93ji07^9  3-70  32^0 

3'37;i^V^3^ 

6  XjiX 

12.84  174-1]  3*^5^-0  355  < 

871  112.S  3,60  3S.8 

3.1518.21.44 

6  X3lXi 

15.00  1 86.3 1 3.5 2  61- 1  3.00 f 

S  X3  XA 
S  X3  XI 

8.Ss'n3-&'3-64  36.3 

3.13  28.7  1.82' 

6  X4  Xi 

15^50186.33.5261.5303^ 

9.47  119-03^5540.9 

2.91 344' 19a 

1      i     1 

S  X3JXA 

B.87  113.9  3-SS,36.4 

3.1328.8 1.80 

14X1 

4  X3  XI 

10.21,196.54.3947.84.11 

S  X3iXi 

9.8s  119.0  3  47  40  9 

2.9i34,6i.&8 

1        1 

5  X3  Xi 

S  X3iXi 

10.97I207.4  4-34  54-1  3-8] 
11.35^07-54*38  544  1.81 

iixi 

3  X2*XA 
3iX2  XA 

7.74  "4-3  384  29-3 

3.91    6.9    .95 

6  X3iXi  112.09216.64.2360.53.59 
6  X4  Xi  ;i2.47  2 16. 74. 16160.5  3,59 

8.06118,53.81  31*4 

377  10.6  1.1s 

4  X3   XA    B.68  122.71.7634.0 

3.6J  15.5  1.34 

1          1        1        1     . 

4  X3   Xi      9-4^^1^843.6838.0 

3.38  18.6  1.40 

14XI 

4  X3  X* 

13.50  358.2^4.37  62.2  4.16 

5   X3   XA|  9-30i^9-9;3-74'38-+ 

3.3829.1177 

S  X3   X 

14.50  273.3:4-34  70-n^8<3 

S   Xj   Xi  Uo.22'i3s.8!3,64l43.2 

3.14  351  1-85 

5  X3iXl 

15.00  373.5 14.27  70.8  3.87 

s  xiixA 

9.62  129.5  3.80;384'3.37  194  «  75 

6  X3iXi  ,13-84  2657  4-3S  ^5-14*07 

5  X3iX 

10.60  135.83.5843.1 

3.1535.3  1.83 

6  XjiXi  116.00^85.34.22^78.33^4 

6  X3iX 

ii.34'i4i.8  3,S4  47'9 

1.96  59.''>>-30' 

6  X4  Xi    16.50  285.04.16  78.1  3.6s 

6  Xi  X 

,ii.72;i4503'5^ 

48.7 

2,g6  59.62.26 

1 

,        1 

1          1 

1     i 

i6Xi 

5  xiixi 

12.10  299,64.98 

664  4S2 

I2XA'+  X3  XA'10.99  149.1  3,68 

451  3-3i'22.3  142 

,6  XliXi 

12.84  312  6  4.94' 73.3  4.27 

;S   X3   Xi  "10.97  iso.03/19  41.6  3.35  35-^  i-«i 

6  X3iXi 

15-00  334*7  4  72,88.1  3-Bo 

[§  X3   XI  '11,3s  1515  3-65 

45-^  3^35  35^9  1.7s 

1 

5  X34XAi2^.U  tS7.i3.S7 

49.6j.17  4^-0  1.85 

i6Xi 

6  X3iXl 

114.84  382.5  5.09 

79*5  4'»« 

,6  X3   Xl    12.09  1584  5. 6i'5a2'3,i6  60.6  2.2+ 

6  X3ixA  15.94  399-0  S.03I87.5  4^55 

|6  X3^XA  I3'i9,i64'1  352  55.0  2.9970.62.31 

6  X3JX     ,17.00  4124  4.92  95.5  4-3^ 

,6  X4  X A  13-^1  16443.4854.85.0070.62-28 

6  X4  Xi  |i7.50  4ii.i4SSi9S'^4-3» 
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^^"^                         Properties  of  Top  Chord  Sections. 

^ 

H           Propertiei  of 
^^           Two  AngJea 

IB 

Short  Lesa  Against 
Plate,  and  Turned  Out. 

A,^ 

n':4.._.- 

=*  e    A 

and 

Ooie  Cover  Plate. 

Aniks  Turned  Out. 

ia 

'                            Edges  of  Angl«  Ftush 
with  Edgea  of  Plate. 

Serieii.                                       | 

SeriMi. 

-8 
Ib. 

i 

1 

Axii  A-A.              1 

AxiaB-B.  1 

1 

i 

AjdtA-A.            I 

AxbB-B.  ] 

s 

^^ 

^5 

If 

Z  =5  Jit 

Sa 

c 

u 

^5 

A         U 

In. 
.86 

Sa 

e 

Ib 

In. 

A 

u 

fjL 

t 

In 

ra 

S.I2 

In.* 

In.« 

In. 

In.* 

In. 

In.i 

In.< 

In. 

In." 

In. 

In.* 

In 

V7 

pj.g 

:S 

48.S 

3.08 

jxzixl 

6.34 

5-1 

.90 

6.6 

'53 

62.5 

3.14 

1 4 

5.88 

6.2 

t.tS 

9.0 

49.0 

2.89 

4^3  *l 

7.46 

1 1.2 

1.23 

10.6 

.81 

63.0 

2.91 

*1 

574 

4.0 

.:?a 

6.3 

•33 

537 

3'OS 

3«ix| 
4^3  ^i 

6.96 

5.6 

.90 

7-3 

.46 

677 

312 

S  It 

6,50 

8.7 

lO.O 

•57 

S4'2 

2.89 

8.08 

11.9 

1.22 

11.5 

'73, 

68.2 

2.90 

tlxl 

5.61 

3^9 

.83 

64 

.36 

82.8 

3.84 

33C2J31I 
4x3  si 

6.84 
7.96 

5-3 

.89 

74 

48 

106.2 

3.94 

»H 

6.1« 

8.5  11.16 

10.2 

.60 

86.1 

3^67 

I1.6 

1.21 

11.7 

75 

110.7 

373 

}lA 

8.12 

18.8    1.52 

»5.S 

.96 

98.6 

348 

S3t3iJtA  10*06 

1 

14-3 

1.56 

i7.9 

1. 11   124.0 

3.51 

vL 

6,37 

4.1 

.80 

6.9 

.28 

91-8 

379 

3X2jxf 

43t33t  1 

7.59 

57 

,Br 

8.0 

.41   1x5.2 

3.89 

M3 

9.1 

1 13 

II. I 

«>i 

951 

3-65 

B.71 

124 

1.19 

12.7 

.66  1 19.7 

371 

llzft 

ft.87 

19.8 

149 

17-1 

.85 

107.6 

348 

5^3!^A 

10.81 

25.6 

1-54 

194 

1. 01 

133.0 

351 

^M 

^•!2 

44 

79 

7.5 

.22 

100.8 

3^76 

3x2jxl 
4^3^a'l 

8.34 

6a 

.86 

6.6 

34 

IH'2 

3.86 

t  X 

'  7.8« 

9^^ 

l.IO 

ri.9 

43 

lOAl 

3.64 

940I   13.0 

1.18 

13.8 

.58 

128.7 

h^ 

M 

5»3^ft   9-62 

20.8 

1-47 

184 

76 

116.6 

3.48 

5^3*^ A 

11.56 

26t9 

'.S3 

20.7 

.92 

142.0 

3.50 

1 

%M 

6.1a 

4.0 

.81 

7'0 

'32 

128.4 

4.58 

3X2jx| 

7^34 

55 

.87 

8.1 

44 

163.5 

472 

1 

s*  1 

6JH 

8.8 

1.13 

II.O 

•55 

135-9 

445 

4*^3/1 

8.46 

12.0 

1.19 

12.7 

.70 

174.3 

4.54 

V 

|)zA 

S.62 

19.3  ;ioo 

I7'0 

.89 

159.1 

4.30 

5x3  ix  A  10.56 

25.0 

1-54 

192 

1.05  >99  8 

4.35 

♦  *i 

10.72 

3M 

1. 86 

244 

1.27 

179.1 

4.09 

6x4  xi    13.00 

46.2 

1.88 

277 

1.42 

220.9 

4.12 

«»xl 

6-99     4'i 

78 

77 

.24 

142.7 

452 

3x2lx|      8.21 

5-9 

.85 

87 

.37 

1777 

4.6s 

1 

5'l 

7  75     9  3    t.ii 

t2.3 

45 

150.2 

440 

4^3/1      9  33 

12.8 

1.17 

13*9 

.61 

188.6 

449 

■ 

9.49    20.4    147 

1H.7 

.78 

1734 

4.27 

5X3lxA|ii43 

26.4 

1.52 

20.9 

■95 

2I4.I 

413 

■ 

11.59 

39.0    1.83 

26.7 

115 

»934 

4.08 

6x4  xi    13.87 

48.6 

1.87 

30.0 

1.31 

235,1 

4.11 

■ 

9  z: 

7.87 

4.5     -76 

8,2 

.18 

157.0 

447 

3x2jii     9*09 

6.3 

.83 

94 

.30 

192.0 

'4*59 

8.63 

10.2    1.07 

15.1 

.37 

164.5 

4-37 

4x3  xj    10,21 

ns 

I.X5 

14.8 

•53 

202.9 

'446 

}Ui^ 

10.37 

214    144 

20.i 

.69 

i«77 

4.25 

5x3ixAi2.3i 

27.6 

1.50 

224 

.86 

2284 

4.31 

♦  » 

1247 

,  40.8    1.81 1  28.7 

1.04 

2077  4'08 

6x4  x|    14.75 

S0.8 

1.85 

32.0 

1.22 

249.5 

411 

3.**. 

7.3« 

9^ 

t.io!  12.0 

.50 

I99.s!s,20 

4x3  x|      8.0 

12.3 

1-18 

13.8 

.65 

254.8 

5.33 

$UA 

9.12 

19  8 

147 1 18.2 

.84 

236.85.09 

5x3  }xA  11.06 

i57 

1.52 

20.6 

1.00 

296.9 

5.18 

4*t 

11,22 

38.0 

1.84 

26.2 

1.20 

271.34.91 

6x4  x}    13,50 

474 

1.87 

274  1.36 

3344 

4.98 

3/*. 

8.38 

9^5 

1.07 

t3>2 

4t 

220.9 

5t3 

4x3  xJ  1  9.96 

13  I 

M5 

15  <     .56 

276.2 

5.^7 

i':^ 

iai2  30.9 

1.44 

1  20,1 

73 

258.1 

5-05 

5x3l3tA:i2.o6 

,  27a 

1,50 

22.6    .89 

318.2 

514 

13.22    42.0 

I.Bl 

28.8 

1,08 

292.7 

4.90 

6x4  xi    14.50 

499 

1.85 

32.0  1.25 

3557 

4.95 

^1^4 

-  --    tt.Q 

140 

21.8 

/>3 

2794 

I5.02 

SXjJxA  13.06 

28.5 

148 

244    -80 

339.6 

5.10 

a                        ti.9 

1.78 

31.0 

.98 

114.0 

4^87 

5X4  X     115.50 

52^2 

1.83 

34'3;i»J5 

377.0 

4.93 

t-    ...,.,     .  :^j,o 

244 

54^7 

t$(* 

307.8 

415 

8x6  ^^lijAi 

129.6 

248 

614  1.74 

561.3 

4.n 

d[ 

- 

L 

J 

TABLE  79. 
Properties  of  Top  Chord  Sections. 


Y7rr%n«^{.>a  nf 

Two  AngJet                                ^ 

p'..L"di:A 

plate,  and  TuTMSd  In. 

Slid 
One  Cover  Piute, 
AnaJes  Tamed  la* 

r 

V 

B 

Back]  of  Ansl^  Fliuh 
witb  Edges  of  PtaCe. 

Serica 

i 

la. 

Seikai. 

Serial. 

J 

c 

< 

1 

1 
1 

Axte  A-A, 

Ajda  B-B. 

1 

1 
1 

Axil  A*A. 

Axil 

it 

III 

1 

k 

1^ 

II 

II 

p25 

0I 

1 

u 

EH 

A 

U 

'A 

Sa 

e 

i» 

A 

Ia 

^* 

Sa 

t 

la 

Iti. 

In." 

IbA 

la.  j 

In.» 

la. 

ta.« 

In. 

Ia,» 

In,' 

In, 
91 

la." 

In, 

-59 

In.* 

B=ti 

3X2jxi 

4.61 

3.6 

0.88 

S^i 

46 

414 

2.99 

3x2ixi 

6^96 

4.9 

^f 

«( 

+3t3  li 

5-38 

7^9 

l.tl 

8,1 

.73 

494 

3^03 

4^3  J^l 

10.8 

1,1s 

9,6 

.88 

t£A 

sjeA 

3X2lxi 

S,I2 

3-9 

0.87 

S.6 

-59 

44^ 

2.93 

3X2ix| 

^42 

S-3 

.91 

64 

-S* 

57J 

" 

4x3  sj 

S-88 

84 

1. 20 

8,7 

,6s 

52*1 

2.98 

4*3  *l 

114 

1.24 

10.3 

.80 

68.^ 

loxj 

5x2  bi 
+3C3  xi 

SA2 

3.8 

OJ6 

S.8 

.41 

71*7 

3-74 

3x2jxi 

r^ 

S^a 

.90 

6.6 

-53 

93*< 

fi 

5.B8 

8.4 

I.I9 

9,2 

.66 

85.0 

3,80 

+13  *i 

11,3 

1^3 

10.6 

.81 

113^ 

** 

S3t3jxA 
6x4x1 

7^62 

i8.i 

1.54 

141 , 

1.03 

114.9 

3.88 

6x4x1 

9-56 

33-S 

1.57 

16.5 

1.17 

^f/' 

9-7^ 

34^9 

1-89 

21.0 

1. 41 

149-6 

3*93 

IIjOO 

43*7 

1.91 

14*3 

»SS 

186.] 

lOJcA 

mU\ 

574 

41 

0J3 

6.2 

.33 

76.9 

3-66 

3x2ix| 

4^3  n 

6.96 

S-6 

.90' 

74 

46 

9SJ 

It 

4XJ  xj 

6.50 

8.8 

1.16 

to.o 

*S7 

90.2' 3.72 

8.08 

ia.o 

1.22 

ii^S 

73 

11S.J 

ii 

5^3i>tA 

8.24 

19.2 

i.'SS 

iSS 

.93 

120.1  3.82 

5^3  l^c  A 

10,18 

^*7 

I.£6 

17.8 

i^ 

153*3 

([ 

Gx+xi 

10.34 

36.7 

1. 88 

22.6 

1-3 1 

154-93-87 

6x4  xi 

12.62 

45-6 

190 

25.8 

146 

191-3 

iot| 

3X2js} 

6.37 

4.2 

0.81 

6.6 

,26 

82.13.59 

jxij^l 

7-59 

5*9 

.88 

77 

.39   iQ4C 

L« 

+X3  xi 
S3C3bft 

7^13 

9-3 

1,14 

10.6 

49 

9543.66 

4x3  n 

8.71 

12.6 

1. 10 

12.1 

M  1134 

II 

8.S7 

22.0 

1.50 

16.S 

,84  125.43.76 

S^3h^ 

10.81 

2S<9 

J*S4 

18.8 

1.00  1584 

11      1 

6x4  xi    10.97 

je-a 

1.87 

24^ 

1.2 1  .160.0  3. 82 

6x4  xi 

13,25 

47,51.89 

27-3   i.37|«96'5 

I2li 

4x3  3ti      6.38 

8.6 

1. 16 

10.2 

i             1 

.60  I32.3'4^S5 

4^1  xf 

7.96 

II. 7  1.21 

117    75  Im^ 

1,1 

5^3  J  ^^  A 

8.12 

18.8 

1-5- 

155 

.96  177.84.68 

5x3  J  xA 

10.06 

24.3  t-s6 

17.9  i.ii  2184 

11 

6x4  xi 

10,22 

36.0 

1J8 

12.8 

1.33  ^30-6 

4-76 

6x4  xi 

12.50 

45.0  1.90  26.0  1.48  287JQ 

12Jt/« 

4-^1  xl 

713 

9-1 

1^13 

ll.l 

-51 

141.3 

445 

4x3   x| 

n.7i 

ii4'i.J9    127    .66 

184J] 

»l 

SxjJxA 

8.87 

198 

I  49 

17  A 

.8s 

186.K 

4*59 

53=3  i*A 

10.81 

25.6  1,54 

l94'J-Oi 

W/ 

If 

6x4  xi    10.97 

37-9 

iM 

24-8 

1,22 

239.6 

4.67 

6x4  x§ 

13-15 

47.2,1.89 

27.9,1*38 

196.0 

tl^l 

4^3  --i  '  ?M 

9S 

I.IO 

11.9 

,43  ISO  3 

4^37 

4x3  li 

9.46 

13. 1  1. 18 

13.B    *58 

193-0 

Snhx^   9.62 

20.8 

1.47 

18.4 

.76  195.S 

4-51 

lT.t 

11.56  26.9 

'.S3 

2071  .93  246.6 

It* 

6x4  x; 

11.72 

39.6 

1.84 

Z6.4 

tA2   148,6,4.61 

14.00 

49.* 

1.87 

29,6  ■1.29  }QS.O 

I4xi 

4Jt3  xj 

6.88 

8.8 

1.13 

II.O 

.55  l9M5-ig 

4^1  ^1 

8.46 

12.0 

I.i9'i2.7|  -70  ^51-9 

53C3i^A 

e.62 

19,3 

ISO 

17.0 

.89  2S7P  S4^ 

5^3JsA 

to.  5  6    15,0 

1,54    19.2  1.05  318.9 

tiL 

6x4  xi 

10.72 

37  I 

1.86 

244 

1.27  332.2 

5.56 

6x44 

13.00 

46.2 

1.8S   17.7 

141 

41^9 

I4*ft 

4^3  ^i 

7-7S 

93 

1.TI 
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lillJlA 

jxzjxft        16.58 

1.52 

J77 

368 

477 

4-7» 

11 

"t 

n 

fi 

li 

1B.08 

1-39 

398 

395 

4,69 

4.67 

38 

(1 

li 

«l 

I95« 

1.28 

419 

421 

4.62 

4.6+ 

J9 

"i^ 

(4 

It 

fi 

3 1. 08 

1. 19 

439 

446 

4.56 

4.60 

40 

II 

14 

if 

22.58 

T.ii 

459 

470 

:  4SI 

456 

4t 

"-f 

li 

If 

il 

34.0S 

1.04 

479 

493 

4.46 

4.52 

+1 

It 

" 

ii 

25.58 

0.9S 

498 

S15 

4.41 

4-49 

Vj 

12li 

'^A 

iiwixA 

3xi4xi 

17.18 

1.29 

403 

387 

» 

4-7+ 

44 

"f 

If 

if 

tf 

18.68 

1. 18 

4^3 

414 

4-70 

% 

l« 

If 

fi 

20.18 

1.09 

443 

440 

4.69 

4.67 

"i^ 

1.1 

■* 

If 

21.63 

f.02 

463 

465 

4.62 

4.63 

+7 

II 

II 

If 

23.18 

0.9s 

482 

489 

4.56 

4-S9 

4S 

•f 

ti 

if 

ii 

34.68 

0,90 

SOI 

S12 

4-Sl 

4-;5 

+9 

ti 

if 

({ 

26.13 

0.85 

520 

S34 

4.46 

4-5' 

*S<J 

iixi 

l4xA 

2ix2ilA 

J^aiiA 

17.76 

1.07 

427 

4£^ 

4.90 

4.78 

SI 

ti  1 

If 

ii 

fi 

19.26 

0.99 

446 

433 

4.81 

4-74 

Sa 

*' 

if 

ii 

2076 

0.92 

46s 

459 

4.73 

4.70 

ss 

*i  jL 

ti 

If                ' 

If 

22.36 

0.86 

4SS 

484 

467 

4.66 

S4 

li  I 

II 

if 

if 

23.76 

0.80 

S04 

508 

4.60 

4.61 

S5 

" 

ii 

il 

25.26 

0.75 

523 

S3i 

4-3S 

4-38 

S6 

ii 

If 

If 

26,76 

0.71 

S4I 

5S3 

43° 

4-34 

•S7 

I2Jci 

I4^A 

jiMjxA 

3«i^i 

I8j2 

0.88 

447 

424 

4-94 

4.81 

S8 

**  A 
If  1 

11 

if 

fi 

19-82 

0.82 

466 

451 

4.85 

4-77 

S^ 

fl' 

■ii 

ii 

2I.|2 

0.76 

485 

477 

4-77 

4-73 

60 

i(    ■A' 

"  1 

<4 

if 

14 

22.82 

0.71 

504 

SOI 

4.70 

4.69 

61 

li 

ii 

If 

24-32 

0.67 

522 

526 

4.63 

4.6s 

6a 
63 

if    1 

li 

If 
li 

if 
ff 

15.82 
27-3i 

0,63 

O.S9 

S6o 

549 
571 

437 
4-Si 

4.61 
4S7 

^ 

I2li 

•4J;A 

34l2l^A 

3III1A 

18.88 

0.71 

466 

443 

497 

4.84 

% 

**  A- 

fi 

Li 

i« 

20.38 

0.66 

48s 

470 

4.88 

4.80 

«i  1 

14 

ti 

if 

21.88 

0.61 

504 

496 

4.80 

4.76 

^ 

**  JL 

11: 

fi 

if 

23.38 

057 

§22 

521 

4.73 

4.72 

m 

fi  I 

li 

ii 

it                ' 

24.88 

0.54 

541 

545 

4.66 

4.68 

69 

li 

ii 

ii 

26.38 

o-si 

SS9 

568 

4.60 

464 

70 

it 

fi 

ff 

27-88 

0.48 

578 

590 

4-55 

4.60 

♦Sp 

acing  of  rivet  lines  0 

f  web  greater  than  30  X  thicki 

less  of 

plate. 
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TABLE  83.- 
PsoPBRTiBS  (w  Top  Chord  Sbctioits. 


...  t 

-fopChot^  Section!. 

.Ai 

4-- 

r- 

fborAnslet 

1^ 

i 

Pkte*. 

Angk». 

Ecota- 

MoroeflU  of 
Inertia* 

Rod 

UffUHB  ATCK. 

tridty. 

A3^ 

Axu 

Ad 

W«to. 

Cmrt-r, 

Top. 

Bottom. 

A-A. 

S-B. 

A-/ 

A 

e 

Ia 

Is 

ta 

Ijick^ 

Inclica. 

Incthe*. 

Iodic*. 

lo£toe#. 

Inches., 

llBchea*. 

Inches*. 

loclii 

14"  X  16"  Section.    ASerlet. 

•71 

I4xt 

t6x| 

33C3XA 

3^3^A 

20.12 

2.14 

606 

546 

5-4' 

*7l 

ii    i 

11 

<( 

** 

ai.87 

1*97 

641 

g 

S-* 

73 

t< 

»i 

If 

%$M 

1.82 

677 

5^3 

74 

u 

«* 

It 

15.57 

1.70 

711 

660 

S^a* 

75 

ti 

«i 

f( 

3713     1 

I  59 

744 

696 

$,x 

76 

*l     1 

«f    i 

t€ 

ti 

II 

28.87 

1.49 

777 

731 

S-i* 

77 

tt 

II 

II, 

30.61 

141 

808 

76s 

SI 

•78 

«tf   1 

t6il 

3^|?A 

jxjil 

10,78 

1.88 

648 

S70 

S'S" 

'79 

It 

ii 

21.53 

1-73 

68j 

609 

S'S* 

80 

II 

ft 

tt 

14.18 
10.03 

t.6i 

716 

647 

S-4 

Si 

(i     * 
II    1 

it 

<• 

II 

I -SO 

749 

684 

5^3' 

8a 

it 

II 

n 

27-78 

1.41 

781 

720 

5-3* 

33 

:f 

HI 

f« 

11 

i9.S3 

1.33 

S13 

75S 

S-i 

84 

41 

ll 

II 

11.18 

1.2S 

845 

789 

5.2« 

*8s 

i+xi 

iSxl 

J^33Eft 

33t33£A 

11.44 

1.64 

688 

S94 

5.6 

*86 

"  A 

** 

<t 

fi 

13.19 

t.^2 

711 

633 

S-5^ 

87 

"  1 

u 

f< 

fi 

14-94 
26,69 

1,41 

7S4 

671 

SS- 

m 

If    1 

u 

II 

41 

1,33 

786 

708 

S-4 

89 

4f 

<i 

if 

28.44 

1.14 

816 

744 

S-3' 

90 

14     1 

II 

If 

U 

30-19 

1.17 

848 

779 

5-3' 

91 

U 

<< 

II 

31.94 

I.10 

879 

813 

S-^ 

*92 

i+ii 

i6j£} 

3I33EA 

3JC3Jt* 

12.06 

1.43 

711 

618 

S-7 

'91 

■t 

t< 

ti 

II 

13.81 

1.33 

7S5 

657 

5.6 

94 

If 

II 

11 

15.56 

1.13 

786 

69s 

SS 

9S 

"  A- 
^^  4 

It 

If 

If 

17,31 

MS 

818 

732 

54 

96 

1* 

il 

II 

29.06 

1.08 

848 

768 

54 

97 

1*    • 

it 

II 

II 

30.81 

1. 01 

879 

803 

5-3 

98 

l< 

II 

If 

32.56 

0.97 

909 

B37 

5-3 

•99 

UX' 

161  r 

3^3iA 

3^3^A 

12.68 

1-^3 

7S6 

641 

5-7 

*IOO 

^ 

4l[ 

il 

II 

Itil 

1. 14 

787 

6S0 

5.6 

lOI 

(I 

«l 

II 

II 

1.07 

817 

718 

S-S 

101 

'  F 

Ij 

it 

li        1 

^rm 

1.00 

848 

7S5 

5-5 

103 

l« 

II 

II 

41 

29.68 

0.94 

878 

791 

54 

104 

"f 

li 

If 

II                   1 

31^43 

0.89 

908 

826 

S3 

m 

II 

It 

14 

3318 

084 

938 

860 

S"3 

♦Sp 

►acing  of  rivet  lines  c 

f  web  greater  than  30  X  thicki 

[less  of 

plate. 
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TABLE  ^.—Continued. 
Properties  of  Top  Chord  Sections. 


f 

?"'l 

1  ■ 

r 

1 

Propertietof 
lop  uioni  aecucMii* 

4-- 

Ltrdr:: 

Four  Angles 

and 
Three  Plates. 

1      ( 

1 

1 

L,  . 

1                    ■•••^ 

Jr 

Platea. 

Angles. 

Gross  Area. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Secdaa 

Nomber. 

tridty. 

Axis       Axis 

Axis       Axis 

Web 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A.       B-B. 

A 

e 

Ia 

IB 

Ta      1      re 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches.   Inches 

•io6 

\4^i 

I6z} 

3X3xA 

3x;x| 

23.28 

1.05 

784 

665 

5.80 

5-34 

^"Z 

** 

25.03 

0.98 

814 

704 

5.70 

530 

io8 

« 

« 

26.78 

0.92 

844 

742 

5.61 

5.26 

109 

"r 

(1 

** 

28.53 

0.86 

875 

779 

5-53 

5-22 

no 

« 

<( 

30.28 

0.81 

904 

815 

5.46 

5-19 

III 

"f 

« 

32.03 

0.76 

934    '    850 

5-39 

5.15 

112 

« 

33.78 

0.73 

963    1    884 

5-34 

5.12 

14"  X  16"  Sectioii.     B  Series.                                                                      | 

:"3 

'.H 

i6zi 

3x3xA    '   4X3xA    i     20.74 

1.87 

654    1    590 

5.62 

5-33 

•114 

«  1 

« 

"                "        '     22.49 

1.72 

689 

629 

5-53 

5-29 

"1 

« 

;;    !    "    1 

24.24 

1.60 

722 

667 

5.46 

524 

116 

«  I 

" 

25-99 

1.49 

755 

704 

5.39 

5.20 

"7 

« 

« 

<t 

27.74 

1.40 

788 

740 

5.33 

5.16 

118 

::f 

« 

« 

K 

29.49 

1.32 

819 

775 

527 

5  12 

119 

« 

« 

(( 

31.24 

1.24 

851 

809 

5.22 

5.08 

•120 

'.fi 

i6xi 

3x3xA 

4X3x} 

21.52 

1.57 

704 

624 

5.72 

5.38 

•121 

P 

« 

i( 

23.27 

1.46 

736 

663 

5.62 

5-34 

122 

« 

C( 

« 

« 

25.02 

136 

768 

701 

5.54 

5.29 

123 

-f 

<( 

« 

It 

26.77 

I  27 

800 

738 

5.46 

5.25 

iH 

M 

It 

ti 

28.52 

I  19 

831 

774 

5.40 

5.21 

"1 

"f 

« 

u 

t< 

30.27 

I  12 

862 

809 

5  34 

5.17 

126 

<C 

n 

<< 

32.02 

1.06 

892 

843 

5.28 

5-13 

yi 

'it**. 

i6xf 

3x3xA 

4X3xA 

22.30 

1.31 

748 

658 

5.79 

5.43 

•128 

"f 

«« 

t( 

24.05 

1.21 

780 

697 

5.69 

5.38 

129 

« 

(( 

« 

25.80 

1. 13 

810 

735 

5.60 

5-33 

130 

"r 

« 

« 

If 

27-55 

1.06 

841 

772 

5.52 

529 

131 

** 

<« 

({ 

29.30 

1. 00 

872 

808 

5-45 

5-25 

i3» 

"f 

« 

« 

« 

31.05 

0.94 

902 

843 

538 

5.21 

133 

<* 

(< 

(< 

32.80 

089 

932 

877 

5.33 

5-17 

:'^t 

^^\ 

i6z| 

3X3.fA 

4x3x1 

23.06 

1.08 

787 

690 

5.84 

5.47 

•13s 

i<  1 

" 

«« 

it 

24.81 

1.00 

817 

729 

5.73 

5-42 

136 

« 

« 

ti 

26.56 

0.93 

848 

767 

5.65 

5-37 

137 

"  ^_ 

<( 

« 

It 

2831 

0.88 

877 

804 

556 

5.32 

138 

C<     1 

<c 

« 

tt 

30.06 

0.83 

907 

840 

5-49 

5.28 

139 

:f 

« 

« 

tt 

31.81 

0.78 

938 

875 

5.42 

5-24 

140 

« 

« 

tt 

3356 

0.74 

967 

909 

5.37 

5.20 

♦Sp 

acing  of  rivet  lines  oi 

f  web  greater  than  30  X  thickr 

less  of  ] 

plate. 
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TABLE  ^.—Continued. 
Properties  of  Td^  Chord  Sections. 


:j  -? 

J? 

i — 

1 

1 

■r' 

Propcrtle*  of 

Highway  BdAgt 

rop  Chord  Sccaoni 

— ■ 

t 

Four  Aneia 

and 
Thiee  Plate* 

1      / 

J. 

Moineots       1  Radii  of  Gyiar 

Plates. 

AojtJei. 

of  Inertia*                tk^- 

Gnwi  Area^ 

Eceen- 

1 

,tridty. 

Axis    1    Axil    '    Axis 

Alb 

Secticm 
Nambcr. 

Web. 

1 

Cover. 

Top. 

Bottom. 

A-A.       B-B4 

A-A. 

B-B. 

A 

e 

Ia           H 

^A 

n 

Inches. 

Indtya 

Inches.     ,'    Isifhes, 

Inches^. 

Injchn. 

tncbies*.  Uxha*. 

laches,  j  bd» 

•141 

hA 

i6xi 

JIJ^A 

4JC33CA 

2J.BQ 

0.85 

824 

7H 

SM  . 

H» 

*I41 

"  P 

11 

It 

•f 

2S*SS 

0.79 

8S3 

763 

S*77 

547 

M3 

"  i 

** 

tt 

4(                1 

27-30 

0.74 

883 

801 

5-68 

541 

1+4 

"  A 

n 

ti 

ft 

29.05 

0.69   1 

913 

858 

5^60 

5-J7 

HS 

"  i 

** 

14 

il 

30.§o 

0.6s 

941 

874 

SSI 

5.33 

146 

-t 

14 

It 

It 

33-SS 

0.62 

97* 

909 

546 

S.38 

147 

u 

" 

tt 

34-30 

0-S9 

lOOO 

943 

540 

5'^ 

*I48 

14-^i 

i6xi 

3^3^^ 

4^3ii 

26.27 

0.65 

856 

756 

5.91   1 

s-r^ 

*I49 

"t 

n 

u 

II. 

0.61 

S84 

79S 

s-eo 

SSO 

150 

li 

«t 

11 

28.02 

0.57 

914 

833 

1   5-71 

S4S' 

ISI 

"  A 

It 

11 

2977 

0.54 

94^ 

870 

5.61 

S4I 

152 

^4  1 

E« 

k'k 

*t 

31-Si 

0.5 ' 

972 

906 

SS5 

5.3^ 

15J 

"  It 

M 

14 

** 

33-27 

0,48 

1001 

941 

S.48 

rP 

154 

i 

'* 

"                                                 *^ 

35.02 

046 

1030 

975 

5.42 

5-i^ 

I/'  X  17''  Se 

i.^on* 

*i5S 

i4xi 

i7^i 

3-^3 1 A 

4JEjxA 

21.12 

1.96 

665 

704 

5.61 

5-77 

*i,'6 

11 

tt 

22,87 

1.82 

699 

75  » 

S'S2 

5-73 

157 

fi 

11 

24.61 

1.69 

734 

797 

5-45 

SM 

15S 

if    1 

ti      1 

it 

16.37 

1.57 

767 

842 

5^39 

S-^l 

159 

It  i 

it 

It 

28.12 

1.47 

8qo 

886 

5-33 

i.6j 

i6o 

fi 

■1 

Z9.H7 

IJ9 

833 

929 

5.18 

5-57 

t6i 

(f 

«t 

tl 

3i/j2 

1.31 

864 

971 

5.12 

554 

*i6z 

14^} 

ir^i    1 

5x3xA 

m4 

31.90 

1.67 

71S 

7+3 

S-7I 

SSi 

•163 

ti  1 

(i 

tf 

2J/JS 

^SS 

748 

;yo 

5-62 

5^77 

164 

(1 

it 

it 

25.4Q 

144 

780 

836 

554 

^n 

r65 

**  ^ 

It 

tf 

It 

27.15 

I  15 

813 

881 

547 

5.^ 

166 

a    1 

It 

ti 

it 

2S.90 

1.27 

84s    , 

9^5 

541 

5-65 

167 

"A 

11 

l( 

11 

310.65 

i.tg 

87s    1 

96S 

s^n 

5.6: 

168 

"  1 

(1 

ft 

tl 

3240 

I  13 

907     ! 

1010 

529 

5-f» 

*i69 

iM 

i?=^i 

3^3^A 

4^3^^  A 

22/18 

140 

761 

781 

579 

SM 

*i70 

;;  i** 

(1 

tl 

tl 

2443 

1.30 

792 

828 

5.69 

5.3: 

171 

ti 

tl 

It 

26,18       ' 

1.22  1 

g24 

S74 

s.^ 

5-7T 

[72 

^'  A 

a 

<1 

it 

2793       , 

1  14 

85.- 

919 

S'53 

5-7.? 

i7J 

"  i 

li 

il 

41 

29.68 

1.07 

886 

963 

546 

s^^ 

J  74 

"  A 

it 

It 

'* 

3*43 

I.01 

917 

1006 

540 

sM 

^7S 

((    5 

a 

u 

tt 

It 

33^18 

0.96 

94<S 

1048 

5-34 

5.6J 

*Sp 

acing  of  ri 

vet  lines  0 

f  web  greater  than  3< 

J  X  thickr 

less  of 

plate. 
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TABLE  SS.—Conlinued. 
Properties  of  Top  Chord  Sections. 


T-E 

1 

1 

I 

r 

1 

Propfftiea  of 

rfi 

1 

::~^:l^ 

Four  Anaki                         | 

Hisbwny  Bridge 

4--- 

and                                  1 

Top  Chnnl  Sectfcmg, 

1  '' ^    * 

Thiee  Plates,                        1 

1^ 

ir 

1               Plate*. 

Angles. 

Mamettta  of 
Inertia* 

Radii  of  Gym- 

UOD. 

Grow  Aiea. 

Eccen- 

tridty. 

Ajda 

Axil 

AllA 

Axffl 

SkiSoii 

Web. 

CoTer. 

Top. 

Bottom. 

A' A. 

E-B. 

A-A. 

B-B. 

A 

e 

Ia 

Ib        .        ^A        1        Tb        1 

iDchei. 

Inch». 

liiches. 

lachef. 

IiuJusd^. 

IncJuea. 

lodbs^. 

Ia£hea«. 

Inche*.  ]  tncbes.  | 

•176 

I4ii 

I7ii 

J^33tA 

m^i 

^3.44 

1.17 

801 

819 

S.84 

S.90 

•177 

**  A- 

«f 

25.19 

1.09 

832 

866 

5-75 

5.86 

m 

*.* 

a 

26.94 

1.02 

&62 

912 

5^66 

5-82 

179 

(1  f 

4f 

it 

28.69 

0.96 

893 

957 

5-58 

5.78 

[So 

M 

" 

30.44 

0.90 

9^3 

lOOI 

5*51 

574 

181 

■■t 

'* 

ti 

32.19 

0.85 

953 

1044 

5-44 

570 

181 

" 

14 

33-94 

oJi 

9S3 

1086 

5-38 

iM 

•183 

i4ii 

17^1 

3^3*A 

4^3^A 

24.18 

0.94 

839 

858 

5.89 

595 

•184 

It  1 

*' 

K 

14 

H-93 

0J8 

869 

90s 

S'79 

5.90 

IBS 

it 

II 

1                   ^* 

ZjM 

0.82 

898 

95 1 

S-69 

S.&6 

186 

4( 

111 

11 

2943 

0.77 

928 

996 

S.61 

S.81 

187 

<( 

It 

II 

31.18 

0.73 

9S8 

1040 

S^S4 

S77 

tm 

4i        • 
ii     1 

Ai 

K 

f4 

3^-93 

0,69 

987 

1083 

5-47 

5-73 

189 

Ci 

ll( 

(1 

36.43 

0.66 

1017 

1125 

S4t 

S-69 

190 

*'     14 

«( 

Ci 

tl 

0.63 

1046 

1 166 

S'35 

SM 

yi 

I4jti 

17«I 

3^3fA 

4^3^i 

^tl? 

0.7S 

871 

89s 

5.91 

5-99 

•19a 

**    JL. 
*i     1 

!< 

14 

ti 

0.70 

901 

942 

S^Bi 

5. 94 

"93 

<1 

t4 

t4                  1 

2840 

0.66 

930 

988 

5-72 

5-89 

m 

'*    JL 

<£ 

1« 

It 

JO- IS 

0.62 

9S9 

1033 

S-64 

5.8s 

m 

**    k 

if 

li 

H 

31-90 

O.S9 

988 

1077 

S-56 

S.81 

196 

11      • 

CI 

14 

H 

33-65 

0.56 

1018 

1120 

5.50 

5-77 

m 

ti 

i< 

»4 

1                *'' 

3540 

O.S3 

1047 

1162 

S-44 

573 

19B 

"    i 

<( 

U 

n 

37^15 

0.50 

1076 

120J 

5^38 

S.69 

m 

fi 

« 

It 

tl 

38,90 

0.48 

1 105 

1^43 

5-33 

S-65 

*200 

141! 

ml 

3^3iA 

irnli 

25.62 

0.57 

903 

931 

5-94 

6.03 

•aoi 

11      J 

«t 

41 

tt 

^7-37 

0.55 

931 

978 

5.84 

S*98 

302 

14     1 

ti 

tt 

(I 

29.12 

o-so 

961 

1024 

5.7^ 

5-93 

20| 

"  A 

<l 

It 

il 

30.87 

0.47 

990 

1069 

5.66 

5*88 

104 

"  i 

li 

It 

t4 

32.62 

0.4s 

ioj8 

1 113 

S^S9 

5^B4 

305 

it 

it 

Ci 

34J7 

042 

1048 

1156 

S-Sl 

S.80 

ao6 

it 

II 

tl 

36.12 

040 

1076 

1198 

546 

5.76 

207 

::}* 

ti 

II 

fi 

37.87 

0.38 

iios 

1239 

S40 

571 

30S 

l< 

It 

II 

39^62 

0.37 

i^l^S 

1279 

5^35 

5*68 

•Sp 

adng  of  rivet  lines  0 

f  web  greater  than  30  X  thickr 

less  of  plate* 
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TABLE  S3.— 'CcrUinued. 
Propertibs  of  Top  Chord  Sections. 


1    . 

— * — — 

1 

I 

P 

1 

Properties  of 

Highway  Bridge 

Top  Chord  Sectknu. 

4L.._ 



Li                            Four  Andes 
^**lr                                   and 

%                          Three  Plates. 

• 

i«=i 

h 

L^l 

Plates. 

Angles.               1 

OSS  Area 

Eccen- 

MomenUof 
Inertia. 

Raduof  Gyn- 
tioo. 

V*I 

tricity. 

Axis 

Axis 

AxU 

Abi 

Section 

A-A. 

B-B. 

A-A, 

B-K 

Number. 

Web. 

Cover. 

Top. 

I 

k>ttom.     

A 

e 

Ia 

Ib 

ta 

n 

Inches. 

Inches. 

Inches. 

Inches. 

Inches'. 

Inches. 

Inche««. 

Inches*. 

Incbes.|  Incki 

is"  X  17"  SectJ 

ion. 

♦209 

IS^A 

I/xf 

3X3xA 

4X3xA 

2350 

1.89 

821 

766 

5-91 

5-2 

*2IO 

"  i 

(( 

ii 

^  it 

25.38 

1-75 

862 

816 

5.83 

55 

211 

"t 

(( 

ii 

« 

27.25 

1.63 

90a 

865 

HI 

iM 

212 

(« 

i( 

<i 

29.13 

1.52 

942 

912 

5.68 

5-2 

213 

"t 

(( 

«( 

(i 

31.00 

1.43 

983 

958 

5.62 

i4 

214 

« 

u 

« 

32.88 

1-35 

102 1 

1003 

5-57 

S-5» 

215 

u 

t( 

«( 

3475 

1.28 

1059 

1047 

5.52 

"? 

216 

i( 

(( 

« 

36.63 

1.21 

1097 

1090 

547 

54' 

*2I7 

isxA 

I7x| 

3x3xA 

4^3x1 

24.28 

1. 61 

877 

807 

6.01 

5-7< 

♦218 

**  I 

<( 

ii 

26.16 

1-49 

917 

857 

5.92 

'i! 

219 

"  A 

" 

ii 

it 

28.03 

1.39 

956 

90S 

5.^4 

5f 

220 

:'  K 

(( 

** 

ii 

29.91 

1.31 

994 

953 

5-76 

221 

;;  ^ 

'* 

it 

ii 

31.78 

1.23 

1033 

999 

5.70 

222 

S 

u 

** 

ii 

33.66 

1. 16 

107 1 

1044 

5-64 

5-!7 

223 

;;  !• 

(< 

ii 

u 

35-53 

1. 10 

1108 

1088 

5-5^     5?M 

224 

"  \ 

<< 

ii 

3741 

1.05 

1 145 

1131 

5-53 

J-S" 

*225 

is^A 

I7x| 

3x3xA 

4x3  X  A 

25.06 

1.36 

929 

845 

6.08 

'•!l 

*226 

«  3 

8 

ii 

it 

26.94 

1.26 

967 

895 

598 

5-7* 

226 

"A 

ii 

** 

" 

28.81 

1. 18 

1005 

944 

5-90 

sj! 

227 

"  J 

** 

^i 

ii 

30.69 

I. II 

1042 

991 

5.82 

;.W 

228 

"  iV 

(i 

n 

ii 

32.56 

1.04 

1080 

1037 

576 

5-^ 

229 

"  I 

ii 

li 

i« 

34-44 

0.99 

1117 

1082 

5-69 

5.61 

230 

"H 

ii 

(i 

n 

36.31 

0.94 

1154 

II 26 

5.63 

5-i7 

231 

"  3 

U 

ii 

u 

38.19 

0.89 

1191 

1169 

5.58 

S-55 

*232 

l5tA     '     I7xi 

3x3xA 

4x3xi 

25.82 

1. 13 

973 

883 

6.14 

5-7« 

*233 

"  i 

ii 

a 

27.70 

1.05 

lOIO 

933 

6.04 

234 

':^ 

« 

a 

29.57 

0.99 

1047 

982 

5-95 

235 

u     1 
2 

<i 

«( 

31.45 

0.93 

1084 

1029 

5-87 

57s 

236 

"    -\ 

** 

ii 

33.32 

0.88 

1121 

1075 

5-79 

5f 

237 

** 

ii 

if 

35.20 

0.83 

1158 

1120 

5-73 

5-^ 

238 

"  H 

** 

<i 

37-07 

0.79 

1 194 

1 164 

5.68 

5.61 

239 

4 

ii 

** 

38-95 

0.75   ,  1230  1  1207 

5.62 

3-57 

*Sp 

acing  of  rivet  lines  0 

1  web  greater  than  30  ) 

<  thickness  of  plate. 
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TABLE  B3,— Continued, 
Properties  of  Top  Chord  Sections. 


L -« 

^ 

\— 

r 

1 

Ujgii«ay  Bridge 

4I--I 

■—Arr: 

Lf 

Four  Anglefl 
ujid 

Xop  CnOfd  SGCtJQfHL 

4'"' 

Thnc  Plaio. 

Jl       ^ 

^ — ■  * 

» 

Fbta. 

AngSes. 

CroM  Area. 

Eccen- 
trkity. 

Motnents  of 

Radii  of  Gym- 
lion. 

AJOb 

Aadji 

Axj» 

A^cifl 

NtUDbef. 

Web. 

Coyer. 

Top. 

Botrnm. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

U          Ib 

ta 

fa 

Inche*. 

liic±ei. 

[nchet. 

Iiidhe*. 

Incheas, 

tncbea. 

Iii£h«fi«.  Inches*. 

Inche*, 

Inches. 

:^ 

isxA 

ml 

3Jt33cA 

+3f3^A 

26.56 

0.91 

lQl6   1     920 

6.18    \   S.88    1 

*Ht 

It 

2fi.44 

0.85 

1052 

970 

6.08 

5.84 

242. 

k 

ir 

1 

30-31 

0,80 

1089 

1019 

5-99 

S^8o 

H3 

fi 

* 

J2.I9 

075 

U2S 

1066 

591 

S.76 

H4 

"f 

« 

1 

34.06 

0.71 

1I6I 

1112 

5.84 

S.72 

MS 

tt 

1 

35'^ 

0.68 

1197 

ns7 

577 

S.6S 

^ 

"  i 

it 

■ 

37-81 

0.64 

J213 

1201 

571 

5.64 

H7 

M 

tt 

ii 

fi 

39-^ 

0.61 

1269 

1244 

S-6S 

5^^ 

*H9 

'A'f 

.7-i 

SX3XA 

+*; 

pi 

27.28 
£9- 16 

0.7a 
0.67 

loss 
1091 

9S9 
1009 

6.22 
6.12 

5-9i 
5.88 

ISO 

It       f 

14 

tt 

31-03 

0.63 

I1Z7 

1058 

6.03 

S.84 

m 

II 

it 

32.91 

0.60 

1162 

1 105 

5-94 

S.80 

tsi 

it     9 

11 

(t 

3478 

0.57 

1199 

list 

S.87 

575 

313 

*♦      ; 

U 

it 

36.66 

0^54 

1234 

1196 

SM 

S7I    ^ 

254 

"f 

H 

it 

3S53 

0,51 

127D 

124D 

S  74 

5.67 

^SS 

** 

Ii 

(i 

It 

404^ 

049 

1305 

1283 

5-68 

S-^3 

>56 

T^ 

.7x1 

3^33tA 

wtt 

28.00 

O.S4 

1089 

995 

6.24 

S.96 

*357 

;  s 

4r 

«i 

11 

29.88 

0.51 

1124 

1045 

6.14 

5.91 

158 

p 

<i 

II 

u 

3175 

048 

1160 

1094 

6.04 

587 

155 

* 

ti 

■  i 

ix 

33'<^3 

04s 

IJ9S 

1141 

596 

5.82 

afo 

"f^ 

li 

Ii 

41 

3S'S<^ 

043 

1231 

1187 

5.% 

S.78 

261 

l( 

u 

Ii     " 

37.38 

041 

1267 

1232 

S.82 

574 

363 

::j* 

II 

«( 

ft 

39^25 

0.39 

1302 

1276 

576 

S.70 

263 

fl 

Hi 

Ii 

41-0 

0.37 

1337 

1319 

S.70 

S.66 

ta"  X  Ii"  Section, 

1  ?f* 

•s^f 

181A 

3^33tA 

4^1J=A 

25.00 

2.25 

87a 

931 

5-90 

6.10 

*^| 

11 

11 

It 

26,8S 

2,09 

9»S 

991 

5,83 

6.07 

2£6 

**  A 

ii 

t( 

ii 

2S.7S 

J '95 

958 

lO^O 

577 

6.04 

!S 

ii    f 

14 

fi 

II 

30.63 

i.ei 

1000 

IIOS 

571 

6.01 

1^ 

"   JL 

l< 

[i 

tt 

32.50 

173 

1042 

1164 

5.66 

S-98 

3^ 

t<    J 

tt 

ti 

it 

34-3S 

r.64 

1082  , 

1219 

S.61 

5.95 

ITD 

:  i 

tt 

It 

11 

36*aS 

i^SS 

1122 

1272 

5^56  , 

5^92 

371 

tl 

u 

It 

38. 13 

147 

1 161 

13^4 

5.52 

S.89 

'Sp 

acing  of  Hv^t  lines  ol 

F  web  greater  than  30  X  thickn 

ess  of  plate. 
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TABLE  S3 

— Continued, 

FfiQFERTIES  OF   TOP  ChOOD  SECTIONS. 

T--I 

— -^ ^ 

"I 

I 

V 

Propcrtl«  of 

4L 

,  ..^A                          Four  Anslea 

Hifihway  Bridipe 

4-- 

...^ 

--*#- 

}-                                   and 

Top  Qiord  SectkiDi. 

'       *    J                           ThittPiates. 

1^ 

U.. 

1 

r 

Plaicf, 

AuElcfl. 

Momenta  of 
Inertia. 

lUdJi  of  €TfJK    1 

Gnxs  Aiea, 

Rcfflm- 

tridty. 

A3d» 

A^ 

Axk 

Ajdl 

Sectiott 

A-A. 

6-B. 

A-A. 

i-B, 

Number.          ^ 

ATe^. 

Cower, 

Top. 

Bottom. 

A 

e 

1 
Ia      ,      In 

fA 

r» 

U 

idie«. 

liidi«fl. 

locbes. 

tndi«s. 

lacbe^. 

Ind^ 

Indies^.  ^Inch««. 

bielia. 

lac^ 

♦272           X 
*27J 

nT 

J3t3jEA 

m^l 

2578 
27.66 

1.97 
1.84 

913 
974 

976 

ioj6 

6.QI 

593 

lis 

6.12 

274 

'  A 

ti 

<t 

u 

29.53 

1.72 

1015 

1095 

5,86 

!5 

^75 

"  i 

*• 

II 

if 

31.41 

1.62 

loss 

"153 

579 

4q6 

276 

:  A 

** 

" 

*i 

33-^8 

1^53 

1096 

1209 

S-73 

6m 

^77 

it 

tt 

tt 

35.16 

I -45 

'135 

1264 

5,68 

$m 

278 

'ii 

it 

t* 

it 

37^03 

1*37 

1174 

13*7 

S-^J 

i^ 

^79 

'  i 

it 

it 

tl 

38,91 

141 

1 11 2 

1369 

S-S^ 

im 

*28o      1     I 

''J^ 

iSiA 

yx3x^ 

+x3xA 

26.56     1 

1.72 

988 

1020 

6.10 

6.S0 

*28l 

ti 

it 

It 

28.44 

u6i 

1028 

!o8o 

6.01 

6j6 

281 

*    JL 

*t 

it 

t* 

30-3  » 

i-Si 

1068 

1139 

5-91 

6.1J  , 

283 

*    t 

(.* 

It 

ti 

32.19 

1.4^ 

1107 

II97 

5.86 

6.09 

184 

'A 

u 

lit 

ti 

34^06 

145 

1 146 

J2S3 

5.79 

6.06 

285 

-* 

It 

t« 

35-94 

1.28 

II84 

130S 

5-74 

6.0J 

286 

'  a 

>:< 

** 

■  « 

3781 

1.21 

1222 

1361 

SM 

6.0& 

2S7 

i   i 

It 

It 

tt 

39-^ 

I. IS 

1160 

1413 

5^63 

597 

♦288           I 

s^p 

i8xA 

3'^3fA 

4^ni 

27.32 

1.50 

1038 

1063 

6.16  ' 

6.34 

♦289 

a 

It 

29.ZO 

140 

1077 

1123 

6.07 

6.20 

Z90 

*  iV 

it 

u 

ft 

3  to? 

1.32 

1115 

1182 

5-99 

6.17 

291 

*  1 

ti 

tl 

It 

32-95 

1.24 

if53 

1240 

592 

614 

292 

'  tV 

*t 

tl 

4i 

34-82 

1. 18 

1192 

1296 

5-85 

lio 

m 

t 

it 

ti 

it 

36.70 

1.12 

1229 

1351 

5-79 

6.07 

294 

'H 

It 

tl 

tt 

38.57 

1,06 

1266 

1404 

S-73 

6.04 

^9S 

^    1 

H 

ti 

It 

40.45 

I.OI 

U^J 

1456 

5-68 

6uao 

*296            I 

3*A 

tSiA 

3^5iA 

413  2£  A 

28.06 

1.28 

io8s 

1107 

6.31 

6.18  ' 

'297 

'  i 

tE 

t< 

it 

29-94 

1.20 

1123 

1167 

6.12 

lh 

29S 

:i^ 

a 

tl 

it 

31.81 

I  13 

1160  1 

1226 

6.Q4  1 

6,20 

2Q9 

n 

t( 

tl 

S3 -69 

1,07 

1 197 

12S4 

5.96^  , 

6.17 

300 

:  A 

ti 

tl 

it 

3S'S6 

1. 01 

1^35 

1340 

589 

6.14 

301 

(i 

tt 

it 

37^44 

o.q6 

1272 

1395 

5-8J 

6,10 

302 

;  H 

u 

tl 

tt        ' 

it 

39^31 

0.92 

1309 

1+4S 

5^77 

6.06 

503 

1. 

tt 

It 

41 -'9 

o.8g  i 

1345 

1500 

57' 

6.0T 

*  Sparir 

g  of  fi 

vet  Imes  0 

'  web  gix?ater  than  30  X  thickness  of  plate 
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TABLE  BS.'—Coniinued. 
Properties  of  Top  Chord  Sections. 


f 

T"l 

1— 

r 

1 

Properties  of 

(AL.._ 

Four  Angles 

HiEhway  Bridge 
Top  OKvd  Sections. 

4'"'" 

and 
Three  Plates. 

-,=! 

1 

• 

1 

Plates. 

Angles. 

Gross  Area. 

Eccen- 
tricity. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Axis 

Axis 

Axis 

Axis 

n 

A-A. 

B-B. 

A-A. 

B-B. 

IX, 

•     Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

'A 

tb 

Inches. 

Inches. 

Indies. 

Inches. 

Inches'. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

IS^A 

l8xA 

3X3fA 

4^3x1 

28.78 

1.09 

I127 

II49 

6.26 

6.31 

f 

f 

«( 

« 

<( 

30.66 

1.03 

I164 

1209 

6.16 

6.J7 

( 

■t 

« 

(« 

« 

32.53 

0.97 

1 201 

1268 

6.07 

6.24 

34.41 

0.92 

1237 

1326 

5.99 

6.20 

< 

A 

« 

« 

it 

36.28 

0.87 

1275 

1382 

5.92 

6.17 

1. 

(i 

38.16 

0.83 

I3II 

1437 

5.86 

6.1^ 

H 

40.03 

0.79 

1347 

1490 

5.80 

6.10 

"1 

" 

« 

« 

41.91 

0.75 

1383 

1542 

5.74 

6.06 

'}^f 

l8xA 

3x3fA 

4:^3x1* 

29.50 

0.92 

II65 

II91 

6.28 

6.36 

« 

31.38 

0.86 

1202 

1251 

6.19 

6.32 

U      7 
"    1 

« 

(I 

<« 

33-25 

0.81 

1238 

1310 

6.10 

6.28 

« 

35.13 

0.78 

1274 

1368 

6.02 

6.24 

"  i* 

37.00 

0.73 

I3II 

1424 

5-95 

6.20 

« 

« 

<( 

« 

38.88 

0.69 

1347 

1479 

5.88 

6.16 

"4 

« 

«( 

« 

40.75 

0.66 

1383 

1532 

5.82 

6.13 

« 

<( 

(( 

42.63 

0.63 

I4I9 

1584 

5.76 

6.09 

'  Spacing  of  rivet  lines  o 

f  web  greater  than  30  X  thicki 

less  of  plate. 
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TABLE  84. 
Properties  of  Top  Chord  Sections. 


^ m 1 -■ 

r^ 

p 

r 

Proipertlei 

of 

Top  Chord  Sections. 

4'"' 

1  — 

4 

Four  Afislet 

And 
Tbf«e  Flatei* 

1^ 

Ui 

^ 

i 

MmncnUoT 

Racmof' 

Plates. 

Angl™. 

GftM  Area, 

Bcc^.- 

- 

tkn 

Ifidty. 

Ad« 

Axil 

Alt* 

Sealoa 

A-A* 

B-B. 

A-A. 

Numbef. 

Web. 

C^iTcr, 

To|>. 

Bottom. 

*< 

A 

c 

Ia 

tm 

U 

1. 

Incbei. 

Inchei. 

InchtM. 

fnchra. 

I&che#. 

liicbe». 

Incbo*. 

InchM*. 

ItkdKi. 

15"  X  li"  SectloQ.    A  aeiiM. 

*I00l 

isxi 

iSxA 

m^i 

413x1 

28.31 

1.96 

988 

1067 

S'9i   . 

10031 

^i  1 

4t 

30.19 

1J4 

1029 

1126 

^'h 

1003 

ti 

It 

ft 

32.06 

1-73 

1070 

11S4 

S.7S 

1004 

|i       t 

it 

■4 

tl 

33*54 

1.63 

1 1 12 

1240 

S.ja 

looi 

" 

€i 

tt 

tl 

31-81 

1*55 

IIS! 

1 295 

567 

^„-*qq6 

(t 

1 

It 

(( 

41 

37.69 

1.47 

1191 

1348 

S.62 

1007 

■ 

ft 

(f 

HI 

35>*5^ 

1-40 

1129 

1400 

54^ 

*ioo8 

-1. 

l8:cA 

3^l^i 

4^55cA 

29.09 

i73 

1043 

iitt 

5-99 

loog 

11 

tl 

30*97 

1.62 

1084 

1170 

S91 

lOIO 

ti 

" 

ti 

32.84 

IS3 

1I2J 

1228 

s.$s 

lOIl 

^I' 

ti 

ft 

<i 

3471 

1-45 

1 163 

1284 

5-79  ' 

IOI2 

ti. 

ft 

ti 

36^59 

1.37 

1202 

I3J9 

S-73 

tou 

4 

U 

It 

II 

3^47 

1.30 

1241 

1 392 

5-^   1 

IQI4 

t( 

It 

tl 

40*14 

1-24 

1279 

^444 

S-63   1 

*ioiS 

>S^i 

lS':A 

3x^x1 

4*3  xj 

29^5 

1.52 

1093 

1156 

6.05  , 

1016 

"  iV 

'* 

tl 

31-73 

143 

1132 

1215 

S<97  ' 

1017 

"  i 

n 

it 

11 

33.60 

J  35 

1171 

1273 

5-9°  i 

1018 

"t 

ti 

*i 

II 

3548 

1.28 

1210 

1329 

5  84  ' 

1019 

f« 

tt 

li 

37-3  S 

1,21 

1248 

1384 

S-7i 

1020 

"  H 

41 

(i 

ti 

39.23 

M5   i 

12S6 

U37 

5-73 

iOlI 

u 

l< 

t< 

11 

4iao 

1. 10 

13-13 

1489 

5*67  , 

•1012 

isxi 

l8xA 

1=^3*1 

43t3xA 

30-59 

1.32 

1140 

"99 

6.10 

ID23 

"A 

li 

II 

li 

3M7 

1.25 

1178 

1258 

6.02 

1014 

c« 

li 

It 

li. 

34U 

1. 18 

1216 

I J 16 

5-95 

t03S 

"  A 

(< 

It 

It 

36.22 

1.12 

12S3 

1372 

S.S9 

IQZ6 

it 

tl 

ii 

II 

3S.09 

1.06 

1292 

14^7 

5^83 

1027 

11 

n 

■t 

II 

39*97 

1.01 

J  329 

14S0 

5-77 

iOiB 

tt. 

It 

II 

41.84 

0-97 

1366 

V53J 

5*71     ' 

*I029 

15^1 

i8xA 

J^33t| 

4x3^1 

31*31 

lis 

II85 

1241 

f'!l 

1 030 

1 

ti 

it 

it 

33-S9 

1,08 

1220 

1300 

6.06 

IO|f 

It 

i| 

1* 

35.06 

1. 03 

1^57 

t35« 

5-90 

1032 

it 

IL 

l( 

11 

36.94 

0.97 

'195 

1414 

^li 

1031 

tt 

It 

II 

3O1 

D-93 

1332 

1469 

SM 

101+ 

..  4 

CI 

It 

II 

11 

40.69 

0.8S 

136S 

1522 

S-80 

10J5 

<l 

If 

li 

42.56 

0,84 

140s 

IS74 

575 

- 

•Sp 

acins^r  nf  rtvet  lines  n 

f  web  grvatpr  than  3a  X  thickr 

less  of  I 

Folate. 
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TABLE  M.—ConHnued. 
Properties  of  Top  Chord  Sections. 


^ 

T"""!! 

i 

T 

fAi_.._ 

.. 

— 

>  1 

Four  AnKlcg                           1 
aqd 

Top  Cbord  5;iiftifui*- 

4"~ 

TbneePJatc*. 

J     / 

i 

B 

Moment*  of 

Radii  of  Gm- 

Ptitn. 

AdrIcs. 

Eccm- 

loertJa, 

doa. 

^'■u<e•  di^i^aii. 

iridty. 

kMh   1    Axu 

Ash    '    Aids 

Stttkm 

A-A. 

B-B. 

A^A.       B-B. 

Web, 

Cerrcr, 

Top. 

Bottom. 

A 

e 

U 

!■» 

U 

re 

tncbn. 

Jncha. 

Inches 

iDdiei, 

Inches. 

Iiichci. 

Incbo^. 

Inchtt*. 

Inch^, 

Im:hek 

*io|6     1 

iS^I 

iSxA 

j^j3ti 

4X3xti 

31.03 

0.98 

1223 

1284 

6.18 

6.33 

'0J7 

■t 

4C 

ti 

33-91 

092 

i?,6o 

1343 

6.  lo 

6.29 

lOji 

<( 

4i 

tf 

3S'78 

0.S7 

1297 

140] 

6.02 

6.25 

10J9 

^ 

«i 

H 

1         It 

37.66 

0.83 

1334 

HS7 

S-95 

6.22 

J040 

4i 

i« 

U 

11 

39S3 

0.79 

1370 

1^12 

S-89 

6.19 

1041 

"  i 

tt 

41 

14 

4 1 41 

0.76 

1406 

1   "S^S 

5.83 

6.1S 

1041 

*i 

(« 

41 

t4 

43.28 

0.73 

1442 

1617 

S.77 

6.1 1 

•1043 

181A 

313x1 

4x3xi 

32-73 

0.82 

1 159 

13^7 ' 

6.20 

6.37 

lou 

ii 

i4 

J4.61 

0.78 

129s 

13K6 

6.  J  2 

6.33 

IG4S 

jt 

It 

t4 

J6.4S 

0.74 

1331 

'444 

6.04 

(t.19 

"A 

If 

it 

44 

38,36 

0.70 

136S 

1500 

S-97 

6.JS 

IQ47 

*( 

u 

it 

11 

40.23 

0.67 

1404 

1555 

S-90 

6.1* 

I04S 

*■  * 

(« 

l( 

11 

43.11 

0,6+ 

1440 

i6ort 

S.85 

6.18 

t049 

fi 

14 

li 

" 

43.98 

0,61 

1475 

1660 

579 

6.14 

IS"  > 

:  IS"  Sertlon 

,     fiScria. 

1 

1050 

isH 

■Sx| 

3ix3ixi 

sxjixi 

zg.o6 

I, SO 

1035 

1042 

S-96 

S.98 

105 1 

"  1 

44 

** 

«c 

30.94 

1. 41 

1074 

1090 

5^89 

S.93 

loSi 

41 

It 

<( 

3J.8I 

1-33 

1113 

1137 

5.82 

S.88 

1053 

**    JL. 

**■  1 

44 

tt 

11 

34-69 

1.26 

1151 

1183 

576 

5.84 

1054 

<» 

if 

fl 

36.56 

l.ZO 

1190 

1218 

5.70 

S79 

toss 
1056 

ii    11 
"    1 

4C 

a 

It 

11 
II 

33-44 
40.31 

1.14 
1.08 

1227 
1165 

1172 
13  IS 

S-6S 
S.60 

srs 

S7I 

10S7 

iSzl 

Jhjix) 

SijixA 

30.03 

i.iS 

I09S 

1095 

6.04 

6^ 

1058 

4< 

U 

4( 

31.90 

1. 18 

1133 

1143 

5*96 

S-99 

">S9 

C4 

■if 

11 

33.77 

KIT 

1170 

1 190 

5.89 

5^ 

1060 

•*A 

«t 

14 

11 

35.65 

1.05 

1207 

1236 

S.82 

SH9 

1061 

"t 

U 

l< 

41 

37-Si 

1. 00 

1245 

12S1 

S.76 

S.84 

1061 

".   t 

l< 

14 

11 

39.40 

o^9S 

riSz 

1325 

S-70 

S.80 

lo6| 

1 

■< 

14 

41 

41-27 

0*91 

1319 

136R 

S-6s 

S-7S 

io6i 

iSil 

3b?.*x| 

Sijhi 

30-96 

1. 01 

1149 

1148 

6.09 

6.09 

lods 

4* 

3^.84 

0.96 

1186 

1196 

6,00 

6.0i 

1066 

It 

41 

34-71 

0.91 

1222 

1243 

5.93 

S.98 

1067 

A 

11 

II 

36.59 

0J6 

1259 

1289 

S-86 

S-9J 

,     ]q68 

i< 

II 

11 

38.46     t 

0.82 

^196 

1334 

S.80 

S.88 

1069 

;;  i 

" 

4< 

ii 

40.34 

0.78 

1332 

1378 

S74 

S.84 

1070 

11 

If 

41-11 

0.7s 

136a 

141! 

S-69 

5.80 

•Sp 

ecing  ot  rtvrt  !ine»  0 

f  web  greater  than  30  X  thicki 

icfls  of  plate.                                       1 
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.  TABLE  H.'-CaiUmmd. 
Pkopbrtibs  of  Top  Chord  Sections. 


?  . 

r"i 

1 

T 

of 
Top  Cbord  Sectiotw. 

4I- 

4" 

^ 

.,- 

f( 

HiiwPlaiM. 

1 
Jte=_ 

J 

J 

t 

Momeouof     '  Ridliof 

PlaEa. 

Ab^h. 

jwm  Aiv&, 

Eccn- 

bnathk.        \         tin 

Ukity. 

.\xii 

Axis        Alii 

SectloQ 
Nurabef* 

Wd>. 

Cwm* 

Top. 

Bottam. 

A-A. 

B-B,  1   A-A  , 

A 

e 

U 

I|                TA 

Ijtche*, 

Inches 

iDcbeL 

loche*. 

Iocbe#. 

IucJhs. 

Indies*. 

lw±aK 

Ijidic».,l 

IO71 

Tt 

iSxt 

Sixjixl 

s«Jj[xA 

31.90 

0.80 

1100 

1201    ' 

6.13 

107a 

i.4. 

3378 

0-7S 

1236 

1249 

^ 

1073 

ti 

it 

(i 

3S*6S 

0.71 

1271 

1^' 

59? 

1074 

<« 

u 

tt 

3753 

0.68 

1308 

1342 

5.90 

1075 

t-i 

»f 

u 

3940 

0.6s 

1344 

1387 

s-a* 

1076 

::j* 

14 

il 

« 

41.^ 

o.6i 

1380 

1431 

5-78 

1077 

C« 

if 

« 

43-iS 

0.59 

1416 

1474 

5,72 

1078 

i«i 

Itel 

3ixjixi 

SX3W 

32,80 

0,60 

1246 

I2S3 

6,16 

1079 

"t 

4( 

t< 

34.68 

0-S7 

i38i 

1301 

6M 

loSo 

t( 

4( 

i< 

0.54 

1317 

134B 

6j» 

1081 

"if 

ii 

<i 

if 

3843 

0,51 

I3S3 

1394 

S  93 

lO&i 

14           ; 

u 

Ii 

14 

40.30 

049 

1369 

1439 

S'87  1 

10S3 

"t* 

«f 

t« 

it 

4^-18 

047 

142s 

1483 

S.81 

I0B4 

ti 

Ii 

It 

|[ 

+4'OS 

0-45 

1460 

1536 

5.76 

1085 

■f;> 

184 

3ix?W 

S*3**tt 

33-70 

0.41 

1289 

130S 

6.18  1 

IQ86 

14 

II 

3S-S8 

0.39 

i3iS 

1353 

6.10 

1087 

l< 

it 

if 

374S 

0.37 

1360 

1400 

6.02 

1088 

"^ 

II 

il 

II 

il             ' 

39-33 

0-3  S 

1395 

1446 

5  95 

1089 

4( 

ti 

tl 

41.20 

0^34 

1431 

1491 

S-89 

1090 

"    * 

t€ 

II 

il 

43.08 

0.32 

1467 

153s 

S.83 

'"^T^i 

ft 

it 

il 

ii 

44^95 

0.31 

1502 

1578 

578 

1092 
1093 

n 

ig>} 

3i^}M 

^^i 

3646 

0.2s 
0,23 

1326 
1361 

1358 
1406 

619 
6.11 

1094 

"I 

il 

il 

38-33 

0.22 

1396 

I4S3 

6.01 

109s 

« 

k 

(1 

ii 

40.21 

0.21 

1431 

1499 

5,96 

1096 

u 

K 

tf 

+2.08 

0.20 

1467 

tS44 

590 

1097 

<*   i 

i 

Ii 

ti 

43^96 

0.19 

1502 

1588 

S.84 

1098 

(*  1 

■  t 

*t 

45.83 

0.18 

1537 

1631 

5-79 

is"  X  19"  Section.    A  Scries. 

*I099 

isxl 

i9sA 

I^EJIJ 

4X?xi 

3B.7S 

3,04 

1002 

1240 

5.91 

IICX) 

■■t 

(( 

$0.6$ 

1.92 

1044 

1086 

1310 

S-84 

IIOI 

<i 

if 

32.50 

iJi 

13  78 

S-78 

1 102 

"A 

(i 

il 

34-3S 

1.71 

1128 

1445 

573 

1 103 

(( 

41 

36.2s 

1,62 

1168 

15 IQ 

S.68 

1 104 

"rt 

(« 

if 

38,13 

I.S4 

1207 

IS74 

S-63  1 

1 105 

ii 

(( 

4i 

40,00 

1-47 

1247 

1637 

5-59  1 

*Sp 

acing  of  rivet  lines  0 

F  web  greater  than  30  X  thickness  of 

plate. 
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TABLE  U.—ConHnued. 
Properties  of  Top  Chord  Sections. 


y"( 

^ 1 

1 

I 

r 

PtBpWttM 

of 
Top  Chofd  SKti^u. 

^J 



if 

Four  ABfiJes 

and 
Three  PUtm^ 

f 

Lt 

1 

Anfllei, 

GiQ«i  Area. 

Bfxen* 

Momenu  of 
iDertifl. 

RfldU  of  Gym- 
dan. 

ttiidty. 

Axia 

Mh 

Ad0 

Aad* 

n 

Web. 

Cov«- 

Top. 

Bottom. 

A-A, 

Br-B. 

A-A, 

B-i*.  , 

A 

e 

U 

i    I> 

ta 

XB 

Iiidie*. 

Iniiibes. 

Inche*, 

fncb^. 

iBche^. 

|tocb«i. 

Incbcf*, 

inch«*. 

lachici. 

iDdiee. 

« 

'H 

i^sA 

3x^xi 

4^3^i^ 

^9*53 

I.St 

10S9 

1291 

S99 

6.61 

* 

■■t 

ii 

ik 

3141 

171 

IIOQ 

1361 

5-91 

6.58 

(f 

<£ 

u 

33,58 

iM 

1140 

H^9 

S-85 

6-55 

\ 

■t 

If 

ft 
f« 

II 

14 

3S.16 

37,03 

1.52 
14s 

iiSo 
1219 

1496 
1 561 

S79 
574 

6,52 
6,49 

=  !• 

If 

(I 

14 

38.91 

1.38 

1258 

1615 

5.69 

6.46 

(t 

Ii 

l< 

4D78 

t.31 

1297 

1688 

S-64 

6.43 

'}^\ 

I9*A 

'T* 

4X3:1} 

30.29 

1,61 

1 1 10 

1341 

6.05 

6.65 

y- 

hI^ 

<t 

f| 

32.17 

i.S» 

1149 

141 1 

S.98 

6.62 

«i 

(1 

tc 

ii 

34m 

143 

118S 

1479 

5-91 

1  6.59 

\ 

^ 

If 

i< 

Mi 

35-91 

1.36 

1228 

1546 

S-8S 

6.56 

' 

ii 

<4 

f( 

14 

3779 

1.29 

1266 

161 1 

S79 

6,S3 

' 

"t* 

it 

<i 

It 

39-67 

1,23 

1304 

1675 

5-73 

6.50 

\ 

ii 

1                tl 

41.54 

1.17 

1342 

'738 

S.68 

6.47 

i 

■^1* 

>9»A 

33t3x| 

m^^ 

31.03 

1.41 

1158 

1390 

6.11 

6.69 

i« 

4i 

ic 

32.91 

"-33 

1196 

1460 

6.03 

6.66 

\ 

"  i 

(1 

tf 

14 

3478 
36,66 

1.26 

"3S 

15^8 

S.96 

6.63 

«^ 

f< 

tf 

14 

1.20 

tS73 

IS9S 

5-89 

6.60 

. 

4« 

u 

n 

ii 

38'S3 

1.14 

1311 

1660 

5.83 

6-57 

«    * 

" 

ti 

u 

40.41 

1.09 

1348 

1724 

S77 

6-53 

•t 

if    J 

(i 

*t 

tl 

4^,28 

1.04 

138s 

1787 

5-71 

6.50 

' 

•S'!,. 

I9«A 

3ipsi 

+Jtjxi 

3t.7S 

1,24 

1201 

1437 

61s 

673 

\ 

"f 

*« 

It 

f4 
It 

33^63 
35-50 

1,17 

1239 
1277 

*S07 

1575 

6.07 
6.00 

6.70 
6.66 

\ 

::f 

l« 
11 

if 

fl 

if 

37-38 
39^25 

I, OS 

1. 00 

1315 
1352 

1642 

1707 

5^91 
5-87 

6.63 
6.60 

I 

"}* 

f« 

ii 

It 

4113 

0*96 

1388 

1771 

S.%1 

6.56 

(i 

14 

43-00 

0.91 

M^S 

1834 

S76 

6.53 

M'i 

I9«A 

(f 

4*}«tt 

3347 

K07 

1243 

i486 

6.19 

^76 

i 

"    1 

14 

41 
41 

34-3S 
36.22 

I.OI 

0.96 

1280 
1317 

1624 

6.10 

6.03 

6.73  ' 
6.70 

' 

f<    .  I 

t* 

II 

ti 

38.J0 

0.91 

1354 

1691 

5^96 

6,66 

** 

f( 

41 

39-97 

0J7 

1391 

1756 

'   S'90 

6.63 

1 

:;jt 

*i 

If 

1* 

41.85 

0.83 

14^7 

1S20 

SM 

6,60 

< 

1* 

43-72 

079 

1463 
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S79 

'  6.s6 

Spacing  of  ri^ 

^t  lines  o 

F  web  greater  than  30  X  thickr 

less  of  1 
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TABLE  U.—ConHnued. 
Propertibs  of  Top  Chord  Sections. 


^ 


Properties 

of 

Top  Chord  SectkMU. 


T"^ 


.i.=J 


r 


4L.._  ._4 ^ 


Four  Angki 

and 
Three  Plato. 


k 


MomenUof 

RadUof 

Plates. 

Angles. 

Inertia. 

tioa 

Gross  Area. 

tridty. 

Axis 

Axis 

Axi.    1 

Section 

A-A. 

B-B. 

A-A.  1 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

TA       1 

Inches. 

Inches. 

Inches. 

Inches. 

Inches'. 

Inches. 

Inches*. 

Inches*. 

Inches.  1 

*II4I 

I5X» 

I9xA 

3x3xi 

4x3xi 

3317 

0.92 

1279 

1535 

6.21 

1 142 

(« 

(( 

(( 

350s 

0.87 

1316 

6.13 

1 143 

« 

« 

36.92 

0.82 

1352 

1673 

6.05 

II44 

"   f 

« 

(( 

38.80 

0.78 

1388 

1740 

5.98 

1 14s 

« 

(( 

40.67 

0.75 

1425. 

1805 

5.92 

1 146 

;;  j* 

(( 

t( 

42.55 

0.71 

1 461 

1869 

5.86 

1 147 

44.42 

0.68 

1497 

1932 

5.81 

*  Spacing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  plate. 


IS"  X  19"  SectkuL 

.    BSeries. 

1 148 

isxi 

i9xA 

3ix3ixi 

sxjixi 

30.62 

1.83 

1094 

1250 

5.98 

II49 

"i^ 

(( 

32.50 

1.72 

1 136 

1308 

5.91 

1 150 

** 

(( 

34.37 

1.63 

1176 

1365 

5.85 

II5I 

!!^ 

36.25 

1.55 

1215 

1421 

5.79 

II52 

38.12 

1.47 

1255 

1476 

5-73 

IIS3 

"   i 

40.00 

1.40 

1294 

1530 

5.68 

1 154 

(( 

(( 

a 

ti 

41.87 

1.34 

1333 

1583 

5.64 

"55 

is^i 

i9xA 

si^lM 

5x3ixA 

31.58 

1.58 

1 160 

1310 

6.06 
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P 

(( 

'(4 

4( 

f< 

58,04 

1.86 

4363 

4654 

8.67 

8.96 

"4 

l<t 

4f 

fl 

60,79 

1.78 

4483 

4845 

8,59 

8.93 

<i 

14 

II 

1^ 

63.54 

I  70 

4603 

S«>34 

8.5i 

8,90 

Spadfig  of  rivet  line*  o 

f  web  irreater  than  30  X  thicki 

less  of 

plate. 

TABLE  SL--CanHmi§i. 
Phopbstibs  op  Top  Chobd  Sacnom. 


PiUpClUQi 

of 
Top  ChoRl  Sectloaa. 


Fbor 
Three 


FlAtei. 

Angles. 

Gross  Area. 

Bcoen- 

Moments  of 
Ineitln* 

tio 

SectkMi 
Number. 

Web. 

Cover. 

Top. 

Bffttcffi. 

tridty. 

Aads 
A-A. 

Aads 
B-B. 

Axis 
A-A. 

A 

e 

Ia 

Ib 

ta 

Inchef. 

Incbee. 

Inches. 

TfM»h^ 

Indies. 

Inches. 

Indbe««. 

Inches*. 

Im*!**? 

*I733 
1734 
1735 
1736 

*5xA 

« 

3ix3ixA 

« 
<« 

SX3W 

« 

56.17 
644a 

1.62 
1.55 

4361 
4480 

4598 
4716 

4sr> 

4764 
4955 
5144 

8.81 
8.71 
8.63 
8.5s 

aa"  X  as''  Section.  B  Series. 


•1737 
•1738 

1739 
1740 

1741 

♦1742 

*I743 

1744 

1745 

1746 

*I747 

♦1748 

1749 

1750 

1751 

♦1752 

*i753 

1754 

1756 

*I7S7 

♦1758 

1759 

1760 

1761 


22X} 


22x} 


22X} 


*5?^A 


25xA 


2SxA 


25xA 


25xA 


4X^A 


4x4xA 


43t4xA 


4x4xA 


4x4xA 


6x4xi 


6x4xA 


6x4xi 


6x4xH 


6x4xi 


52.18 

57.68 
60.43 
63.18 

53.30 
56.05 
58.80 
61.55 
64.30 

54.40 
57.15 
59.90 
62.65 
65.40 

55.48 
58.23 
60.98 

63.73 
66.48 

56.56 

62.06 
64.81 
67.56 


247 
2.34 
2.23 
2.13 
2.04 

2.21 
2.10 
2.00 
1. 91 
1.83 

1.96 
1.87 
1.78 
1.70 
1.63 

;:S 

1.58 
I.5I 
1.45 

1.52 

1.45 
1.39 

1.33 
1.27 


3974 
4102 

4227 
4351 
4473 

4265 
4388 

4509 
4630 

4299 
4419 
4539 
4659 
4778 

4441 
4560 
4678 
4796 
4913 

4580 

4697 
4814 
4930 
5046 


3939 
4113 

4284 
4620 

4070 
4244 
4415 
4584 
4751 

4200 
4374 
4545 
4714 
4881 

4331 

4676 

4845 
5012 

4461 

4635 
4806 

4975 
5142 


8.73 

8.56 
849 
841 

8.81 
8.72 
8.64 
8.56 
849 

8.89 
8.79 
8.70 
8.62 
8.54 

8.95 
8.85 
8.76 
8.68 
8.60 

9.00 
8.90 
8.81 
8.72 
8.64 


♦  Spacing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  plate. 


178 


■ 

^ 

TABLE  M.— Continued. 

■ 

■ 

^^ 

r 

Properties  of  Top  Chord  Sections. 

^ 

L 

f 

|"E 

1 

T 

I^H                   Ptopertfea 
■H          Top  Chord  Seclk}a«. 

i'" 

-  iTTH.*::: 

-  -■'v 

i. 

Three  Fimi 

0 

» ^^ 

J       j 

y^.L 

i 

FUta. 

Angles. 

Moments  of 
loertia. 

Radii  of  Gyra- 
tioQ. 

Gtoss  Ana. 

tridty. 

Axis 

Axis 

Axis        Axis 

Sectloa 

Number* 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

.4-A. 

B-B,   1 

^ 

e 

Ia 

In 

ta 

rs 

Inches.     1     Inche*. 

Inches. 

Inches,     1    Inchesi. 

Inches. 

Inches*. 

Inches*. 

Inches, 

Inches. 

^-                                                                   ii"  X  36''  Section.    A  Series. 

%^ 

ii'cA 

26xi 

3Jx3jxA 

Sx3lx! 

5474 

2^93 

4006 

4681 

8,56 

925 

1765 

** 

'* 

** 

57-49 

2.80 

4138 

4901 

8.48 

9-23 

1764 

"   H 

*t 

It 

II 

60.24 

2.67 

4270  1 

5116 

8.41 

9.21 

176s 

"  i 

a 

(A 

«i 

62.99 

2.54 

4402 

5326 

8,36 

9.19 

•1766 

2«A 

26x} 

3i«3JxA 

5^3  b  A 

55.68 

2.71 

4160 

4804 

8.64 

9.29 

1767 

;; 

*i 

ii 

«i 

5843 

2.59 

4289 

5024 

8.57 

9.27 

1768 

i 

*t 

t* 

11 

61.18 

2.47 

4418 

5239 

8.50 

9.25 

1769 

11 

u 

t« 

ti 

63.93 

2.36 

454«> 

5449 

8.43 

9-23 

•1770 

»2XA 

26x| 

3h3ixA 

Sxjlxl 

56.58 

251 

4300 

4923 

8.72 

9*33 

1771 

** 

i( 

tt 

59-33 

240 

4427 

SH3 

8,64 

9.31 

1771 

At 

i 

•( 

i< 

n 

62.08 

2.29 

4554 

5358 

8.57 

9.29 

t77J 

<lt     : 

it 

4( 

H 

64.83 

2.19 

4679 

5568 

8,50 

927 

•t774 

»iA 

26x1 

3lx3J3cA 

ixiUa 

5748 

2.32 

4436 

S042 

5262 

8,78 

9J7 

1775 

(t 

t( 

(1 

60.23 

2.21 

4562 

8.70 

9  35 

1776 

C4        1 

« 

t( 

l< 

62.98 

2.11 

4686 

S477 

8,63 

9-33 

1777 

it 

4^( 

K 

6573 

2.02 

4809 

5687 

8.56 

93> 

*t778 

iixft 

iSxl 

3i3t3ixA 

S«3»xJ 

58.36 

2.14 

4560 

5163 

8.84 

941 

»779 

il 

« 

u 

11 

61. n 

2.04 

4684 

5383 

8,76 

9.39 

r78o 

:;  i 

«1 

** 

II 

63,86 

1.95 

4806 

5598 

8.68 

936 

1781 

r* 

1 

** 

66.61 

1.87 

4927 

5808 

8.60 

9-34 

22"  X  26''  Section.     B  Scri«». 

•17S2 

IIXJ 

26x1 

4X43tA 

6x4x1 

54-37 

2.83 

4148 

4475 

873 

9.07 

•i7«3 

■  t 

it 

** 

it 

57-12 

2.69 

4280 

4672 

8.65 

904 

1784 

** 

t* 

IS 

59.87 

^-57 

4410 

4866 

8.57 

9.01 

17^5 

::t» 

« 

tt 

l< 

62.62 

2.46 

4538 

5058 

8.51 

8,99 

17S6 

ii 

a 

U 

65.37 

2.36 

4664 

5247 

8.45 

8,96 

1 

•i7i>7 

321 

'     26x1 

4Jt4jA 

6x4xA 

5549 

2.57 

4325 

4619 

8.82 

9.1a 

i 

•1788 

"^ 

ti 

CI 

58.24 

245 

4453 

4816 

874 

9.09 

1789 

«« 

If 

it 

II 

60.99 

2-34 

4580 

5010 

8.66 

9.06 

1790 

"p 

** 

a 

M 

S^^* 

a.24 

4705 

5202 

^59 

903 

1791 

'             it 

it 

tt 

66.49 

2.15 

4829 

5391 

8.52 

9.00 

•Sp 

acing  of  rivet  tines  0 

f  web  greater  than  30  X  thickr 

less  of  plate. 

ta 

L_ 
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^ 

■ 

TABLE  M.—Cmlin9eiL 
Properties  op  Top  Cbord  SBcnon 


? 

1 

] 

i 

n 

I"  , 

of 
Top  Cbord  ^ctioDft. 

4-- 



Sfir    1 

1^ 

i 

1 

Section 
Number* 

Pktev* 

Angles, 

Gn»i  Area. 

Econ- 

tricity. 

Inertia. 

l«s.       J 

Wd>, 

Cover* 

T<>p. 

^ 

Alls 

A-A, 

Axil 

Axit 

A-A* 

A 

e 

u 

t> 

r* 

ti 

Inches. 

Indus. 

Incites. 

Inches. 

Inches'. 

IntiiAfl. 

lncheft.^[ncbe»«. 

ladi«>. 

Imim^ 

*I792 

•l79J 

1794 

«79S 

179^ 

1^x1       1 

41 
£1 
CI 

4Mift 

-II 
14 

it 

56.59 

5934 
62,09 
64*84 
6759 

2.|3 
1.13 

2.04 
195 

4490 
4614 

4738 
4B61 

4984 

4761 
495^ 
5151 
S344 
SS33 

8.91 
8.83 

m 
859 

9.1*1 

9.n 

•1797 

*i79a 
1799 
1800 
I80I 

"    ft 

it           : 
** 

a6zf 

K 
l< 

4^A 

II 

«l 
£1 

6x4xtt 

II 

it 

5767 
6042 
63*17 

i.ii 
1*01 
1.93 
1.85 
177 

464a 

SO07 

SiaS 

4904 
Sioi 

8.97 

BJS 
8.80 
8.71 

9*» 

♦1802 

180+ 

IS05 

1806 

26x| 
it 

It 

II 

it 

<i 

«l 
ti 

&4x| 

It 
11 

11 

587s 
61.50 

67.00 
697s    ' 

1,90 

1,81 
1-73 
1.66 
r*6o 

4790 
4911 

5031 

5046 
5^43 

S417 
5619 

5818 

9-OJ 
894 

8JS 
8.77 
e.69 

9J? 
9-IJ 

sa"  X  j8"  SectioB. 

II 

till , 

if    ^ 

iSx| 

u 
it 

14 

4x^1 

ii 
CI 

6.4xi 

fl 
cc 

5747 

60,i2 

62.97 
65.71 

142  1 

4714 

5601 
6310 

8*67 
8.60 
8.51 
847 

9^!T 
5Kll 

1812 

181 3 
1814 

12xft 
It 

If 
II 

It 

It 

6x^ft 

41 

58.59 
6134 

2-53  : 
243 

2.31 

Z.tl 

4501 
4630 
4756 

488 1 

6014 

6253 
6490 

8.76 
8.61 
8*61 
8.S! 

*l8iS 
tSi6 

1817 

*^f 

::(* 

38xf 
» 

11 

(i 

wx| 

41 
II 

14 

59-69 
62*44 
65.19 
6794 

a.30  1 
2.20 

l.IO 

2.02 

4666 

4791 
4916 

S038 

6421 
6658 

8.68 
S.6t 

9« 

*iSi9 

1820 
18^1 
1S22 

::h 

<t 
II 

4X4x1 

4f 

fo4jtt 

i< 

f< 

60.77 

69.01 

2,09 

2.00 

X 

4818 

494e» 
5061 
5182 

6108 
6351 

8.90 
8.82 

874 
8.67 

IftW 

*Sp 

adng  of  rivet  lines  0 

f  web  greater  than  30  X  thicki 

less  of  plate. 

ISO 


I 


TABLE  9A.^ConUnued. 
Properties  of  Top  Chord  Sections. 


S 

f 

» 

nt 

't  ' 

4L.. 

1 

, 

.r..j. 

Four  Anj[li 

Top  Cbord  SeetiooAt 

4"- 

''*'                             Three  Plato 

I^ 

u! 

1 

i 

Ktuabef. 

Ptatea. 

Angls. 

^^^'SSS: 

Momenu  of 
Inertia, 

Radii  of  G^ra- 

tiOD, 

W^. 

Cover. 

Too 

Bottom. 

Aidt 
A-A. 

AxU 

Axii 
A'A, 

AJtJfl 

A 

t 

1a 

1b 

ta 

Td 

[Dcha. 

iBcbei. 

Inches, 

Ix)cb«. 

iQcbea?, 

Inches. 

liidM*<. 

Incbei'. 

Inches. 

Inchea. 

ft 
a 

i 

^4x1      \     6x4li 
*t                    if 

a                            «i 

61  Js 
64.60 
67.3  s 
70,10 

i.Sg 

1  7J 
1.67 

4966 
S0S6 
5206 
5325 

6275 
6518 
6757 
6994 

S.96 
BJ7 
8.79 

8.72 

10.07 

10,04 

10.0! 

999 

14"  X  37"  Section.     A  Sertei,                                                                        | 

27Jc| 

It 

4t 

60.62 
6i.6z 
66.62 

3.00 
2,66 
273 

SI38 
S308 
5476 

5655 
S9I9 
6174 

9.21 
9.13 
9.07 

9.66 
9.64 
9.62 

•1830 

1831 

Tp 

ii 

3!x}bA 

■4 

S*3hA 

fi 

6i,s6 
64.,6 
67.,6 

2.79 
2.66 

2  54 

S3J8 
5648 

57S9 
60SI 
6308 

9.29 
9-22 
915 

9.70 
9.68 
9.66 

1834 
183s 

Ti» 

S.3J.I 

Ii 

624a 
6546 
6846 

2.60 

2.+S 

i'37 

S483 
5647 
S809 

S9lg 
6179 
6437 

9.37 

9-29 

9.21 

974 
972 
9.70 

*l836 

183? 
J83S 

Tj» 

,7.r 

fi 

33^3i^A 

Ci 

66.36 
69.36 

241 
2.30 
2,20 

5^44 
5S04 
5964 

6048 

1  6309 

6567 

9^44 

936 
9.28 

977 
975 
973 

•i8j9 

1840 

ia*t 

Tj. 

If 
it 

ft 

S:tj}xf 

It 
ii 

64.24 
67.24 
70.24 

2.23 
2.13 
2.04 

S792 
S9S0 
6107 

6179 
6iio 
6^K 

949 
940 
9-32 

9.81 
979 
977 

34"  X  37"  Section,     B  Seriea.                                                                        j 

•1841 

•1843 

I844 

1845 

37xi 

it 
11 

6x4.1 

It 
II 

60.00 
63.00 
66.00 
69,00 

2,92 

2.78 

!  2-65 

2.S4 

54^4 
5631 
5797 

5372 
5610 

SS44 
6075 

919 
9-31 
9.24 

9^1; 

9.46 
943 

9-4 1 
9-39 

'1845 

•1847 

1848 

1849 

11 

6s4fA 
II 

61.12 
64.11 
67,12 
70.12 

2.66 
2.54 
2,43 
2-3^ 

5506 
5670 

5994 

55^9 
5767 
6001 

6232 

949 
940 
9.32 
9'ii 

9-51 
9-49 
946  , 
943 

•1850 
•1851 

^    t8sj 

If 

if 

6x4*1 

fi 
1« 
Ii 

61.22 
65.22 
68.22 
71.22 

243 
2.31 

2.22 
2.12 

5861 
6022 
6i8t 

S6R4 

6is6 
6387 

9-57 
94B 
9.40 

912 

9-S6 
9-53 
9^5°, 
947 

•Sp 

actng  of  ri 

vet  lines  0 

f  web  greater  than  50  X  thickness  of  plate. 
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TABLE  84. — CanHnued, 
Properties  of  Top  Chord  Sections. 


tJ 

T--( 

— I —.   .^M 

1 

1 

1 

;(--! 

of 

lAi 

4  — 

— 

— 

r                          TbmFbM.                      1 

^.=! 

JE 

■ 

1  1 

SKtkm 

Number* 

Platea, 

Aagka. 

GtDo*  Ann. 

Ecceii* 
ttldty. 

MomentE  ot 
lacnla. 

Radii  of  Gvn-    J 

Web. 

Cover. 

Toil. 

Bottom. 

A^ 
A-A, 

B~B. 

Axis 
A-A. 

A 

c 

U 

H 

rA 

•¥ 

Inches^ 

Inches. 

tjictm. 

tndKs* 

iDcbe^. 

Inches. 

ISEbem^. 

Inches*. 

[KK^es. 

Indu 

*|8S4 

*18SS 
1856 

1857 

11 

14           ; 

i 

27x1 

ft 

At 

4x4jA 

If 

6x4xtt 

11 

ti. 

63,30 

69-30 
71.30 

2.11 
2. It 

ijoa 
193 

4883 

6197 
6353   I 

607S 
6312 
6543 

9.64 

9I46 
938 

9^1 

♦1858 

•i8s9 

i860 

1861 

"li 

43C4xA 
If 

it 
If 

64,38 
67.58 
70,38 

73J8 

1-99 

1-90 

1,82 

1-75 

6061 

6a  17 
6371 
6514 

6§7 

9.71 
9.61 

9-43 

9^ 

M^Xar'SealoQ.    A  SGri«t. 

•1862 
1S63 
1864 

Tl» 

28xf 

11 

61.24 

67.Z4 

2,96 

1,82   1 

S190 
5361 

SS3I 

6232 
6511 
6Sc8 

9.21 
9.14 
907 

10091 

*i865 
1866 
1867 

T(» 

aSxl 

it 

62.18 

65,18 
68.18 

1.63 

537* 
5SJ9 

5707 

6953 

9-29 
9.22 

9n 

10-11 

raw 

1869 

1870 

T^ 

zSxf 
ft 

3i>3,i*A 

SX3j«l 

4( 

63.08 
66.08 
69,08 

1^7^ 
2.S7 
2,46 

SS40 
5869 

7094 

9-37 
9.29 

9« 

lati 

10^13 

*i87l 
1872 
1873 

T|* 

z8ic| 

3 1^3 i^ A 
tt 

63.98 
66.98 

69.98 

2.S0 
2,29 

6027 

g? 

723s 

9.36 

9^28 

lait 

10.17 

•1874 

1S76 

T|. 

28xf 
fl 

3*3C3ixA 

64.86 
67.86 
70.86 

2.32 
1.22 
a.  13 

|8SS 
60C4 

6172 

6791 

7080 
7367 

9.50 
9.4a 
934 

ICUI 

24'' X  aS"  Stctioo.    BSoki,                                                                 | 

*I877 

*l878 

1879 

1880 

•T 

28xt 

u 
If 
t< 

41 

It 

60,62 
63.61 
66.62 

69.62 

1,87 
2.74 

2.62 

S35^ 

J690 

S85S 

5930 
619s 
6457 

6715 

9-39 

914 
917 

$1 

*Sp 

acing  of  ri 

vet  lines  0 

f  web  greater  than  30  X  thickneaa  of  plate. 

Jl 

1^ 
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TABLE  84.— Cortiifiu^if, 

^ 

Properties  of  Top  Chord  Sections, 

4L.. 

—  f —     — ■ 

Four  Anglei 

and 
Three  Plates. 

PropeTuo 

of 

Top  Chord  Sections. 

1 

I 

f 

:-_-.i- 
1 

1^ 

k 

- 

PUtes. 

Angln. 

Groas  Area. 

Eccen- 
tridty. 

Moments  of 
loextia. 

H^dii  of  Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axis    ' 
A-A. 

Asds 

Axis 
A-A. 

Axis 

A 

e 

u 

I,      '      r. 

ro 

Inches.          Inches. 

Inches.          Inches. 

Inclicsn 

Inches. 

Inches*. 

Inches'..  Indies. 

Inches. 

« 

4X4fA 

(I 

it 

(« 

6174 
6474 
6774 
70.74 

276 
2.63 
2.52 
2.41 

5563 
5729 
5892 
6055 

6100 
636s 
6627 
6885 

949 
9-41 
9-33 
925 

994 
9*92 
989 
9.86 

28xi 
it 

62.S4 
65.84 
6S.84 
71.84 

2.S3 
2.41 
2.30 
2.21 

5762 

5925 
6086 
6244 

6268 

^533 

6795 

7053 

9S8 

9.49 
9.40  j 

9.32 

9.99 

9.96 

9.93 

9-91 

28x| 

4MjA 

<« 

II 

63.92 
66.92 
69.92 
72,9a 

2.30 
2.20 
2.11 
2.02 

6106 
6263 
64Z0 

^37 
6702 

6964 
7222 
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i   f 

L    Jul. 

1 

Jl 

1 

SectlDD 
Huu- 

Plates. 

Ancle*. 

Grmb 
Areo, 

BcseB- 

tridty. 

Mmneiiuol 

•^     1 

Wd». 

Qmr. 

Tten. 

Axii 
A-A. 

Axis 

A-A 

Outride. 

tovide. 

A 

e 

U 

In 

ta 

1,     1 

todiea.  ' 

lacba. 

tticb««. 

Inches. 

indies. 

IndHss*. 

iDCbM. 

tiidb»*. 

ladK«*. 

hnita. 

India.    1 

*aj93 

2396 
2397 

"     i 

It     J   ^ 

26xA 

it 
is 
ii 

t| 

6x^1 

I* 
1( 

4^i 

tn 

65.07 
67,82 
7057 

76,07 

04S 
046 

044 
043 
041 

S767 
5^79 
S99I 

S167 

5644 
J829 

6009 

9,14 
914 
9-0* 

8.95 
07 

mm 

am 

•239« 

*i399 

2400 

4401 
3401 

n 

if 

t€ 
H 
11 

il                1 

ff 
H 

t< 
f« 
11 

66,99 
6974 
7349 

77-99 

0.19 
0.19 
0.18 
0.18 
0.17 

S73f 
S846 

6179 

S4S^ 
S646 

5^31 
601s 
619s 

9^35 

qxfb 
EJjA 
8.90 

;2403 

'2404 

2406 
2407 

"H 

.6xA 

II 

i( 
It 
11 

6X4X1 

if 
(1 

4x4x1 

tt 
If 

68,89 

71.64 

74^39 
7714 

79.S9 

-,07 
-.07 

IS 

'.06 

1913 
6024 

6357 

S636 

58*4 
6009 

6193 
637a 

9.16 
9.16 

1^1 

m  r 

M-'Xlft' 

'SttdDD.    CScrici.                                                      _|^ 

•2408 
•2409 

2410 

3411 
2412 

II 

It 
If 

6x4xi 

ft 
If 
<l 

6x4x1 

il 
ft 
tt 

63  ■»3 

65.88 
68.6| 

74.13 

0.77 

0.70 
0.67 
0,6s 

5378 
5491 

5604 

S7i6 
5828 

49tS 
5106 

5293 
5479 
5^59 

9.^3 

9U 

•2413 

2415 

2416 
2417 

MX} 

*6xA 

i< 
l« 

4^i 

ti 

tt 

<f 

It 
I* 

6x^ft 

K 
tt 
tt 

70.87 
71^63 
76-37 

0.40 

0,38 
0-37 
0*3^ 
0-3S 

5631 

1^ 

51  to 

5301 
S4fi7 
5671 
5851 

9.«8 

9.17 

9.08 

8.99; 

8.9* 

M4     ^ 

*241& 

*24I9 
2420 
2421 

fC 

ft 
<( 
ti 

6x4x1 

i* 

ff 
i< 

6x4x1 

f« 
It 

67^57 

70,J2 

73*07 
7S*S7 

0,07 
0.07 
0.07 
0.06 

0.06  ' 

6178 

63»9 

548? 
5<^73 

6035 

9.}! 

9.JI 

9>» 

9.0J 

8.95 

BJi      ' 

5     ' 

1          *  Spacing  of  rivet 

lines  of  wt 

»b  greater 

than  30  X  thickness  of  pUte, 

• 

■ 

F 

TABLE  BS.—ConHnued.                  ^^^^^^^^^^^H 

^ 

Properties  of  Top  Chord  Sectioks- 

1 

■ 

f 

1 

V^ 

1 

^B    Top  C3ionl  Section*. 

4 



— X4                           Six  Angles 
— 5-                                 and 
j                          Thzoe  Plates, 

M 

1 

1^ 

-.  \J 

7 
— ^  4 

^ 

J 

1 

J 

■ 
1 

Plata. 

Angles. 

Gross 

Ansa. 

Eccen- 
tridty. 

^omcnti  of 
Ijiertia. 

RadU  d  Gym- 

tion. 

Wdi. 

Coyet. 

Top. 

Bott<vin. 

Asia 
A-A, 

Axil 

Axis 
A-A. 

Axis 
B-B. 

OttUlde. 

Iiuide. 

A 

e 

Ia 

I9 

ta      1      rs 

Locbeft.      Inches. 

Iactie». 

laches. 

Inchca.      InchcBi, 

IncbeA. 

iDcbes*. 

i&dit«*- 

Inches.  1  lncbea« 

^^3 
P7 

-1 

«( 
«( 
It 
«4 

14 

It 
ti 

6x4^H 

(C 
ii 

6973 
7248 

77.98 
80.73 

-.23 

—  .22 

—  »2I 

—  .20 
-.19 

6047 
6158 
6269 
6380 
6491 

5480 

5679 
5863 
6046 
6224 

9.32 
9.21 
9.12 
9.04 
8.96 

8.87 
8.8s 
8.83 
8.80 
8.78 

1 

131 

«• 

:: 

11 

4*4*1 

in 

6x4xi 

»♦ 
(( 
it 

71.89 
74*64 

77J9 
80.14 

82.89 

-.51 

-'49 

-•47 
-46 

6233 
6344 

6678 

5773 
5860 
6044 
6227 
6404 

9.32 
9.22 

9.06 
8.98 

8J7 
8.85 

8.83 
8.81 

879 

4 

1 

it"  X  »8"  Sectloa. 

MJ 
134 
MS 

n 

4*4xt 

«« 

it 

614^1 

t4 
l( 

72.44 

1.89 
1.81 

174 

5326 

6156 
6^89 
6620 

8.91 
8,84 
8.77 

9  59 

9.58 

956 

1 

T|. 

28x| 

t« 

6*4fA 

6x4XiV 

69,22 
74^72 

1,50 
1.44 

1.39 

5636 
S7S3 
5870 

6391 
6623 
68S3 

9.02 
8.94 
8,87 

9.61 
9-59 
958 

ft,"!* 

ft 

4X4xi 

71.50 
74-25 
77.00 

1.14 
1. 10 
1.06 

S920 
603s 
6149 

6627 

9.10 
9,01 

8-94 

9.62 
9.61 
9,60 

1 

f 

n 

281) 
it 

4^1 

«f 

6x4xft 

73.74 
76.49 
79^24 

0.81 

0.78 
075 

6184 
6297 
6409 

6858 
7088 
7315 

9.16 
9.07 
8.99 

9.64 
9.63 
9,61 

^ 

1 

22S 

iSxt 

4*4xJ 

«C 

6x4x1 

6x4x1 

t4 

75-94 
78.69 
81.44 

0.50 
0.48 
0.47 

6422 

7086 
73»5 

7543 

9.20 
9.11 
9.04 

9.66 

964 

9.63 

m 

1 

■"!• 

tsxr 

<4 

4( 

6x4xH 

il 
it 

78.10 
80.8s 
83.60 

0.22 
0,2t 
0.2  f 

6642 

7311 

7539 
7765 

9.22 

914 

9.06 

9.68 
9.66 

9.64 

g 

* 

SfKicinsf  of  rivet 

ines  great! 

^r  th.m  30  X  thirkncs?  of  plate. 

y 
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J 

J^m 

TABLE  85.— CMmm^ 
Pkopbbtibs  or  Tor  Chord  Sacaxms. 


of 

Top  Chord 


PlAtC*. 


Num 


MS? 


W^ 


Cftver. 


lachM.     InctiM. 


48x| 


TfHk 


OvLttU^,        iBride. 


IndiM.    ,    ladbn. 


♦*S**   I  i^ 


6^ 


8Ck26      — JE^ 

85JOI    — J05 
85.76    -XH 


oTGyn- 


9^ 


*4*xjr» 


A4S> 


Tp 


4x4x1    4X4xi  j  4ZAz|   67-00 
-    i  ^^    7000 
75-00 

76.00  , 


I 


i4V,\       iS.\l  4X4xi         4X4^lV         4^t|iA     ^-*2 


6»48 

66<6 
6610 


6ti7 
6576 
6631 

6082 


:;i^ 


"  I 


::?\J 


•♦-^i 


+34^}  414x1  4X4x1        "^-14 


«-  -  -  ^^^44 

«.\4.vf  4i4xH         4JUX!t       "^-l- 


1^ 

1^5 


:::-    -=5=     34Sfc 


■»*t      ^r: 


iSx* 


VU^ci  4\>T*  4X4Si 


X         —  -^ 


2.* 


•^rf     r-*= 


9-73  1  «• 
»6|  !  Mt 
9^5S  « 
^     9? 

<r^i  9-57 
--:     9-« 

v«     *>♦ 

^«  9-55 
:.-=    ^55 


ii'  \  j#' 


4.^14.^  t  ?Z4;it  ^^4X|  >:.JC 


r^'^ 


3^ 

"xrtc 


*  >v**fcC':t^  A  ^•*^:^  '"w*?^  ^  '•vo  iHBicgt  t^sa  w  X 


rft^ 


I 


TABLE  %S'^  Continued. 
Propbrtibs  of  Top  Chord  Sections. 


\ --^ 

f  "i 

1     1 

r 

Piopcrticfl 

of 

Top  Chord  Sectkmi. 

1 

Six  Angles 

and 

Three  Plates. 

Plates. 

Angles. 

Gross 
Area. 

Eccen- 
tricity. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axis 
A-A. 

Ajds 
B>B. 

Axis 
A-A. 

Axis 
B-B. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

rx 

re 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inched*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

28zi 
« 

4X4x4 

« 
« 

6x4xA 

4X4xft 

it 

70.98 
73.98 
76.98 
79.98 

1.26 
I.2I 
1. 17 
1. 13 

7010 
7158 
7305 
7452 

6794 
7052 
7306 
7557 

9-94 
9.84 

9.74 
9.65 

9.78 
9.76 

9.74 
9.72 

"1* 

28xf 

« 
(i 
(« 

4X4x1 

« 
« 

6x4x1 

4x4x1 

« 

72.94 
75-94 
78.94 
81.94 

0.94 
0.90 
0.87 
0.84 

7285 
7431 
7577 
7723 

7019 
7275 
7529 
7778 

9-99 
9.89 
9.80 

9.71 

9.81 
9-79 
9-77 
9.75 

28xf 

« 
« 

4,4x4 

« 

6x4xH 

l( 

4X4X« 

« 

74.86 
77.86 
80.86 
83.86 

0.64 
0.62 
0.60 
0.58 

7535 
7680 
7825 
7970 

7244 
7499 
7752 
8001 

10.03 

9-93 
9.84 

9.75 

9.84 
9.82 
9.80 
9.77 

it     I 
«     11 
«    a 

.8x1 

« 

4x4xJ 

« 

6x4xi 

it 

4x4xi 

(( 

76.76 
79.76 
82.76 
85.76 

0.36 

0.35 
0.34 

0.33 

7770 

7913 
8057 
8202 

7460 

7967 
8215 

10.05 
9.96 
9.87 
9.78 

9.86 
9.83 
9.81 
9.79 

24"  X  28' 

Section.     C  Series. 

28x| 
« 

« 

« 

4x4x1 

6x4x1 

« 
«( 

6x4x1 

« 

71.00 
74.00 
77.00 
80.00 

1.23 
1. 19 
I.I4 
1. 10 

7061 
7208 
7356 
7503 

6606 
6864 

7119 
7368 

9.98 
9.87 
9.78 
9.69 

9.65 
9.63 
9.62 
9.60 

28x| 

{< 

<i 
<i 

4X4xi 

« 

ii 

6x4xft 

6x4xA 

ii 
ii 

73.24 
76.24 

79.24 
82.24 

0.85 
0.82 
0.79 
0.76 

7379 

7671 
7817 

6838 
7095 
7348 
7598 

10.04 

9.93 
9.84 

9.75 

9.66 
9.64 
9.63 
9.61 

28xf 

« 
« 

4x4x1 

(i 
« 

6x4x1 

6x4x1 

75.44 
78.44 
81.44 
84.44 

0.53 
0.51 
0.49 
0.47 

7670 
7815 
7960 
8104 

7068 
7322 

7823 

10.08 
9.98 
9.89 
9.80 

9.68 
9.67 
9.65 
9.63 

Spacing 

of  rivet 

lines  of  ^ 

reb  greatei 

•than30Xthickn 

ess  of  plate.                                     1 
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TABLE  ^$.--€aHimmi, 
pROPERTiss  OF  ToF  Cbokd  S&cnofes. 


\  ^m 

f 

ThieeflatM^                 M 

of 
Tofi  Chord  Secdooa. 

i 

Sectkm 

Num- 
ber. 

PlatM. 

Aogk*. 

Amu 

tiidty. 

Incitip. 

RumcrGrii*  1 

Web. 

Oynr. 

Top. 

Bbttom. 

Axil 
A-A. 

Axi> 

Axfa 

An 

B-S. 

Outaidc. 

tmkde. 

A 

e 

U 

lu     1     U 

'  r»  ' 

iDcba, 

Iii£be^ 

Indies- 

Imrbe*. 

imhtm. 

ladle*'. 

Ilkcha. 

Inches*. 

iocba^.l  Iiicfaa. 

Iwte' 

•2506 

•2507 
2508 
2509 

*25io 

*i5  II 

2511 

3513 

34xA 

It 

•'V 

28x1 

It 

it 
it 

it 
It 
It 

4^J 

it 

It 
it 

II 
11 

fl 
tl 

6x4^ii 

41 

tc 
ti 

6x4ii 

41 
41 
tt 

77.60 
B0.60 
83.60 
86.60 

79*76 
82.76 

|S:S 

0.20 
0.20 
0.19 
0.19 

-.09 
-,08 

-.07 

7937 
8081 

8325 
8369 

8185 
8329 

m 

7298 

755* 

7803 
&051 

7519 

r77it 
8013 
8269 

10.10 
IOjOO 

9^83 

iai2 

ia02 

993 

9J5 

'1 

34"X3i/'S«:tioii.                                                                                      1 

2516 

*25I7 
1518 
1519 

*1520 

2522 

*i5a3 

151s 

•3526 

15^7 
2528 

2531 

Tf. 

41 
41 

11 

l< 

30XH 

JoxH 

I(         ' 

tt 

tt 
II 
l< 
It 
<l 

6=4x1 

tl 
it 

6x4x1 

»i 

6X4XA 

41 

II 

6X-JXH 

It 

6XJXI 
6>^A 

tl 
If 

6x4x1 

tl 

6X4XH 

tf 

71^57 

75*57 
78-57 

74*85 
77-85 
80.85 

77-13 
80.13 

83*13 

79*37 
82.37  1 

85-37 

81.57 
84.57 
87.57 

83  73 
86.73 
89.73 

M3 

2.33 
2.14 

2,02 

!S 

1.64 
159 
1.52 

1.29 
1.34 
1.20 

0.96 

0.90 

0.66 

0,64 
0.62 

6831 
6993 
7151 

7338 
7384 
7539 

7593 

?^ 

8231 

8x48 

839s 

8S4I 
8822 

7875 
8187 

8498 

8778 

8439 

8749 
9057 

8716 

9035 
933* 

8989 
9297 
9603 

9358 

9.70 
9l62 
953 

9-83 

9-93 
9*84 

9-75 

10.00 
9.91 

9M 

10.05 

9JI 

10.09 
10.00 

9.91 

104J 
1041 

KM* 

mi* 
IN*! 

■046 
1e.f1 

io.S» 

1049 

*  Spacing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  plate.                                        1 
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TABLE  SS.^Continued. 
Properties  of  Top  Chord  Sections. 


f 

1"^ 

1 

of 
Top  Chord  Sectio 

# 

ns. 

4i 

4  -- 

.Li 

U    J 

d 

T 

Six  Angles 

and 

Thxte  Plates. 

i 

Plates. 

Angles. 

Gross 
Area. 

Eccen- 
tricity. 

Moments  of 
Inertia. 

RadU  of  Gyra- 
tion. 

tkm 

im- 

Web. 

Cover. 

Top. 

Bottom. 

Axis 
A-A. 

Axis 
B-B. 

Axis 
A-A. 

Axis 
B-B. 

Outside. 

Inside. 

A 

e 

Ia     1      Ib 

rx 

rB 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*.' Inches*. 

Inches. 

Inches. 

3a 
33 
34 

Tj. 

30.H 

ti 

6x4xJ 

it 

6x4xi 

85.89 
88.89 
91.89 

0.38 

0.37 
0.36 

8806 
8950 
9094 

9526 
9832 
IOI35 

10.13 
10,04 
9-95 

10.53 
10.52 
io.50 

26"  X  30"  Section.    A  Series. 

37 

261 

« 

JOXH 
<f 

4x4x4 

4X4xi 

« 

4X4xi 

it 

« 

75-63 
78.88 
82.13 

2.47 
2.37 
2.27 

8220 
8421 
8623 

8157 
8499 

8834 

10.38 
10.32 
10.26 

10.38 
10.37 
10.36 

38 
39 
40 

l-j. 

30xtt 

« 

4x4xi 

« 

4X4XA 

4X4fA 
(i 

77-35 
80.60 
83.85 

2.06 
1.98 

8559 
8757 
8953 

8363 
8704 
9038 

10.52 
10.43 
10.34 

10.40 
10.39 
10.38 

41 

42 
43 

26lf 

30XH 

4x4x1 

« 

4x4x1 

4X4x1 

i« 

79-07 
82.32 

85.57 

1.85 
1.78 
I.71 

8878 
9062 
9265 

8563 
8904 
9237 

10.59 
10.49 
10.40 

10.41 
10.40 
10.39 

44 

11 

26x1 

3oxH 

« 
« 

4X4x} 
it 

« 

4x4fH 

4X4;XH 

80.75 
84.00 
87.25 

1-57 
1.51 
1.45 

9169 
9360 
9551 

8764 
9103 

9425 

10.65 
10.55 
10.45 

10.42 
10.41 
10.39 

49 

26x1 

3«H 

«( 

4X4xi 

« 

4X4X1 

ii 

4X4x} 

82.39 
85.64 
88.89 

1.32 
1.27 
1.22 

9441 
9629 
9817 

8962 
9301 
9632 

10.70 
10.60 
10.50 

10.43 
10.42 
10.41 

26"  X  30"  SecUon.     B  Scries. 

50 
52 

26x1 

30XH 

« 

« 

6x^i 

4x4xi 

77.63 
80.88 
84.13 

2.08 
2.00 
1.92 

8669 
8865 
9061 

8669 
9011 
9346 

10.56 
10.46 
10.37 

10.57 
10.55 
10.53 

53 
54 
55 

T|. 

30JCH 

« 

4xjx| 

6x4xA 

« 

4x4xA 

« 

79.61 
82.86 
86.11 

1.65 
1-57 

9042 
9238 
9434 

8939 
9280 
9614 

10.65 
10.55 
10.46 

10.60 
10.58 
10.56 

56 

?!♦ 

3«H 

« 

4X4xi 

i( 

6x4x1 

« 

4x4x1 

(1 

81.57 
84.82 
88.07 

1.41 
1.36 
1.31 

9389 

9577 
9766 

9203 

9544 
9877 

10.72 
10.62 
10.53 

10.62 
10.60 
10.58 

*^)aciiig  of  rivet 

lines  of  wc 

ib  greater  than  30  X  thickn 

ess  of  plate. 
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TABLE  BB.^C&nHnmi. 

■ 

Properties  of  Top  Chord  Sections.                                        1 

r     I 

"?~i 

1^  Ctiord  Sectkicii, 

1 

-~ 

— ! 

*           and 

i^ 

] 

1  • 

Section 
Num* 

Pktet. 

Aadea. 

Gfm 
Afea.  ! 

Bgfgft. 

tridty. 

lacnfa. 

tion. 

Web, 

Cdtct* 

Top. 

Bottom. 

Alii 

Axl« 
B-B. 

Adi       Ami 

Outftlde. 

iDsldc. 

A 

e 

U 

li 

r*        n 

tnch^. 

tiich«. 

Inches. 

toi^be*. 

liicl»». 

tod^e^* 

h^ch^. 

tnclictf*. 

locbev*. 

Indies,  ts^t, 

•2560 
2561 

26x1 

"1' 

30*H  1 

4Xjxi 

6x4xH 

14 

ft 

8349 
86,74 
8999 

1,07 
1,03 

9707 

98^4 
1008 1 

9468 
9807 

10139 

ta78 
10.68 

10.58 

toM 
10,61 

2564 

3«H 

t4 

4JC43c| 

4X4xi 

8S39 
88.64 
91 ,89 

0.82 

0.80 
0.78 

toon 
IOI9S 
IOJ79 

97JO 
10069 
10400 

to.83 
10,72 
io,6i 

lOwfi? 

36*' X  30^  Stctkm,    CSerfai.                                                                      1 

2567 

ft 

44 

79.63 

82.8i 
S6.13 

1.70 

1.63 
1. 57 

9100 
9292 
9481 

8727 
9067 

9403 

10.69 

to.59 
1049 

1046 
104s 
I04# 

*2S68 
2570 

a6x 

3«H 

fe4xA 

6x^A 

81.87 
85.12 
88,37 

1.24 

987s 

9004 

S8 

10.76 
10.66 

10.56 

1048 
tOJfi 

•2571 

•2S7J 

*S73 

j6x 
"  H 

41 

ti 

41 

Li 

fis4xi 

84.07 
87.31 
90-57 

0-99 
0.95 
0.91 

9870 
1Q056 
10243 

957s 
9614 

9946 

10J3 

10.71 
10.63 

IOl$0 

1047 

*^S74 

•iS7S 

2576 

tj. 

4J4ii 

14 

6X4.H 

86.23 
8948 
91-73 

0,66 

0,63 
0.61 

I03I2 

10397 
10582 

9S48 

988S 
10215 

10.8S 
10.77 
10.67 

10.51 

10.50 
1049     . 

;»S77 
•2578 

1579 

::tt 

4^i 

1              "* 

6x4ii 

II 

S8,|9 
91.64 

94.89 

0.37 
0,36 

03s 

10530 
10723 

10897 

9817 
101 S4 

IQ483 

10.92 
10.81 
1071 

]0^$1     1 
10,^1 

36"  X  J2"  SKticm.                                                                               [  1 

2sSo 

2581 
2581 
1583 
2SB4 

2586 

26x1 

n 
ti 
i< 

if 
(f 

3«i 

Li 

u 
H 

4x^i 

6x4^» 

41         1 
41          # 

84,94 
87,2  a 
89.50 
91.74 
93.94 
06.  to 
98.26 

2.77 
2,39 

1.69 

1-37 
1.06 

0,80 

9017 
9498 
9948 
10369 
1 0761 

10718 
11048 
'1379 
11703 
12013 

12338 

12652 

10.30 
10.44 
10.54 
to.63 
10.70 
ro.76 
10.80 

ri.29 
1141 

IMS 

« 

Spacing  of  riw?t 

tines  of  w 

eb  plater  than  30  X  thickn 

ess  of  plate,                                      1  1 

a02 


TABLE  86. 
Properties  of  Top  Chord  Sections. 


f 

Properties  of                         ^ ; 

Extra  Heavy                              • 

Top  Chord  Sections.                      4 

r !  J 

_..  A^                      Eight  Angles  with 

fir—                 Short  Legs  Turned  Out 

a                          and  Five  Plates. 

.u 

IT 

Pbte*. 

Angles. 

Gross 
Area. 

Eccen- 
tricity 

Moments  of 
Inertia. 

RadU  of  Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axib 
A-A. 

Axis 
B-B. 

Axis 
A-A. 

Axis 
B-B. 

Outside. 

Inside. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

rx 

ra 

Incfaes. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches.  { Inches.*  |  Inches. 

Inches.*  Inches.* 

Inches. 

Inches 

aa"  X  M"  SecUon. 

»»XA 

»8XJ 

6X4Xi 

6X4Xi 

6X6X1 

6x6x1 

99.94 

0.65 

7436 

9070 

8.62 

9.53 

"  i 

{( 

« 

105.44 

0.62 

7660 

9478 

8.52 

9.48 

"  A 

t€ 

110.94 

0.59 

7884 

9871 

8.42 

9.43 

"  i 

« 

116.44 

0.56 

8107 

10255 

8.34 

9.38 

"  tt 

(( 

121.94 

0.53 

8330 

10627 

8.26 

9-33 

"  } 

l<   . 

"    j' 27-44 

0.51 

8554 

10987 

8.19 

9.28 

U"  X  30"  Sectton.                                                                             | 

hxj 

3oXi 

6X4X§ 

6X4XJ 

6X6XJ 

6X6XJ 

119.51 

0.64 

IO710 

12874 

9-47 

10.38 

"  ft 

« 

tt 

(1 

tt 

tt 

125.51 

0.61 

1 1000 

13413 

9.36 

10.34 

"  1 

« 

« 

(( 

tt 

tt 

131.51 

0.58 

II290 

13934 

9.27 

10.29 

"  H 

« 

« 

it 

tt 

tt 

137.51 

0.55 

1 1580 

I444I 

9.18 

10.25 

"  i 

« 

tt 

tt 

*' 

** 

143.51 

0.53 

1 1870 

H937 

9.10 

10.20 

16"  X  32"  SecUon. 

26Xft 

32Xf 

6X4Xi 

6X4Xi 

6X6Xi 

6X6X3 

131.26 

0.74 

13505 

16638 

10.14 

11.26 

*  i 

« 

It 

tt 

if 

« 

137.76 

0.70 

13874 

17335 

10.03 

11.22 

"  a 

<i 

(( 

tt 

tt 

(( 

144.26 

0.67 

14243 

18015 

9-94 

II.I7 

"  i 

« 

<l 

tt 

** 

tt 

150.76 

0.64 

14613 

18682 

9.85 

II. 13 

a8"  X  34"  Section. 

z8X| 

34X1 

6X4X1 

6X4Xi 

6X6Xi 

6X6X3 

144.01 

0.83 

16791 

21238 

10.80 

12.14 

"  tt 

« 

it 

It 

i( 

« 

151.OI 

0.79 

17253 

22126 

10.69 

12.10 

"   1 

(« 

tt 

tt 

tt 

If 

158.01 

0.76 

17715 

22997 

10.59 

12.06 

30"  X  36"  SecUon. 

joxtt 

36X1 

6X4Xi 

6X4Xi 

6X6Xi 

6X6Xi 

157.76 

0.92 

20627 

26810 

11.44 

13.03 

"  1 

(1 

tt 

tt 

(( 

tt 

165.26 

0.88 

2II96 

27920 

11.33 

13.00 
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TABLE  87. 
Propbrtibs  of  Platb  Girdbrs. 


i  c  h 

•  i  < 

I   c  h 


'-i"-.( 


j£ev-J^ 


^  Some  specifications  require  that  plate  girders  be  proportioned  bv  the  moment  of  isertv 
their  gross  section  and  some  by  the  moment  of  inertia  of  their  net  section.  The  moment  of  ine 
of  the  gixws  section  can  be  obuined  by  direct  addition  from  Tables  },  5  and  13.  The  momen 
inertia  of  the  net  section  is  obtained  by  subtracting  the  moment  of  mertis  of  the  holes  from  1 
of  the  gross  section.  The  moment  of  inertia  of  the  holes  can  be  calculated  by  the  formula  /  ■>  / 
the  moment  of  inertia  of  the  holes  about  their  own  axis  being  negligible,  A%  being  the  cubic  < 
tents  of  the  hole  and  A  the  disunce  from  the  neutral  axis  to  the  center  of  the  hole. 

The  method  of  calculating  the  moments  of  inertia  of  plate  girders  will  be  illustrated  by  a  typ 
example. 

Ezample:  Determine  the  moment  of  inertia  and  section  modulus  of  a  section  coasistini 
4  angles  5  x3i"xi",  long  legs  out,  24i"  back  to  back,  i  web  plate  24"x|",  a  cov.  plates  ia"xj'' 

Moment  of  Inertia  and  Section  Modulus  of  C^oss  Section. 


Item. 

b.  to  b.  Angles. 

Extreme  Fiber. 

Moment  of  Inertia^  Azte  A-A. 

Section  Modi 

d 

c 

Table. 

I 

S-U 

Inches. 

Inches. 

Inches. 

Inches*. 

Uche^. 

a  Cov.  PI.  12x1 

« 

12.25  +  0-625 

33 
3 

5 

2074 

4872 
12.87s 

12.875           1     Total  /  = 

4872 

S  =  378. 

Moment  of  Inertia  of  Rivet  Holes  (J"  Rivets,  i"  holes). 

Location. 


Web 

Flange 


Number. 


Size. 


t  Xd 


Inches. 


Igxi 
lixl 


Area. 


Ao  -  t  X  d 


Dist.  to  t-  of 
Hole. 


Inches.* 


2-75 
4.50 


Inches. 


10.3 
12.3 


Dist.« 


h« 


Inches*. 


106. 1 
Total  = 


Aihs 


Inche 


29: 
6S1 


971 

The  Moment  of  inertia  of  the  net  section  is  4872  —  973  «  3899  in.*,  and  the  section  mod 
is  3899  H-  12.875  —  302.8  in.». 

Approximate  Methods. 

The  use  of  the  moment  of  inertia  of  the  net  section  in  proportioning  plate  girders,  rcqi 
that  holes  in  the  compression  flange  be  deducted  as  well  as  those  in  the  tension  flanse.  TTiis  ( 
approximates  the  true  condition  so  that  great  accuracy  in  calculating  the  moment  of  inertia  of 
net  section  docs  not  seem  warranted.  The  following  approximate  solutions  give  results  which 
suflliciently  accurate  for  use  in  design. 

ist  Approximate  Method: 

Net  /  of  Angles  =  Gross  /  X  c~~~T~  ^  ^74  '^  "k  "*  '^^^      'V^hXt.  \y 

Net  /  of  Web  PI.  -  Gross  /  of  Net  Depth  =  /  of  22"  X  i"  PI.  =»  333  "       3- 

Net  /  of  Cov.  Pis.  -  Gross  /  of  Net  Width  =  /  of  2  -  10"  X  f "  Pis.  -  197a         "       5- 

Total  Moment  of  Inertia  of  Net  Section  ■«  3861  in.* 

ad  Approximate  Method: 

Net/  -  Gross  /  X  ^^^^  =  4871  X  !^  «  3989  in.* 
Gross  Area  40.00 

This  method  gives  more  accurate  results  for  sections  without  cover  plates. 
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^^^^^^                                                               ^^B 

^^^               Centers  of  Gravity  of  Plate  Giri^er  Flanges.                                       ^| 

CHICAGO,    MILWAUKEE   Ht    ST     PAUL    RY 

1 

( 

r — n 

Ci 

C 

•^            w     "       -J- 



:j 

^9f 

i 

f. 

1^ 

^ K 

^-'1 

- — L 

g^-    

3 — I-,* 

\          "^pel                      ^j)i 

^Z                   Type  3                        \ 

J 

g                      TYP£  I. 

TYPE  i. 

Two  6"  X  a'*  fioctom  Angles. 

Two  Top 

Four  6"x4"  Bottom  Angles. 

Thickocns  In  Inches, 

Thickness  In  Inches. 

t 

t 

1 

.    ;    ._   1            1 

1 

1 

h 

1 

i 

1 

la. 

In. 

In. 

In.     I      In. 

1 

Inches, 

In. 

In. 

In. 

In. 

]Q. 

In. 

|.8i 

4.12 

4*35 

455       4-70 

8X8X 

5  12 

5-53 

5.69 

5*85 

6.07 

6.27 

3^2 

3-90 

^'^l 

4.J0 

445 

4.81 

5.22 

5*40 

5-54 

5  79 

5.98 

■ 

349 

3-75 

3.9^ 

4.13 

4.27 

. 

4-59 

4.99 

S.16 

5.30 

555 

575 

■ 

339 

3 -70 

3.«3 

3.99 

4*13 

442 

4.80 

4.96 

S  II 

525 

5-57 

V 

333 

3*55 

3-73 

3.89 

4.03 

1 

4.28 

4.65 

4.81 

4*96 

5*19 

541 

■ 

joS 

3.X8 

3.67 

3*81 

3.94 

li 

4-38 

4.53 

4.66 

4.82 

5-06 

5.36 

i 

TYPE  3. 

Width 

or 

Thickness  ol  Plate,  Inches. 

Plftie. 

\ 

la. 

0 

i.i: 

1   1   i 
I    .98    .86 

1 
73 

1 

t 

M    I* 

i|     It 

II 

i| 

.1    1    a 

2* 

a 

13 

1.68 

.^3 

.52. 

43  -33 

.24    .15 

.07 

-..02 

-.io-,i8 

H 

I.O^ 

>,   -95 

.82 

.70 

•59 

48. 

39  .29 

.20   .11 

.03 

-.06 -.14 -.22 

'? 

L03 

'    .92 

.79 

,66 

*55 

45* 

35   25 

,16    .07 

—.01 

—  .10  —,18  —.26 

|6 

l-CM 

\  H 

-75 

,63 

*52 

41. 

31  .21 

.I2|    .04 

-.05 

-.13  -.21 

-,29 

^ 

IS 

1.73 

L2^ 

^'*»i' 

.99 

.87 

•77 

.67. 

57  47 

.38     .30 

.21 

,13       .04 

-.04 

m 

»4 

1.21 

1.08 

•95 

.83 

73 

.63, 

53  43 

•34    ^25 

17 

.08      .00 

-.08 

■ 

[I 

IIS 

» 1,05 

•9* 

.«o 

.69 

•  59. 

49    *39 

.30    .21 

n 

.04  -,04 

—  .12 

V 

1,16  I.02I    ,89 

77 

.65    .55L 

45    *35 

'.26:   .17 

.09 

.00 -.08 

-.16 

1 

»3 

Ij8i.3^ 

^  1. 21 1. 10 

.99 

.89    ,79. 

69    .to 

,.51    .42 

.34 

.25,     .16 

.09 

14 

'1.31 

1. 18 1,07 

•95 

*85    75. 

65    *55 

'46    .38 

.29 

.20       .12 

.05 

IS 

1.2s 

\  1. 15 1.03 

.92 

.81    ,71 

61    .51 

42    .33 

.25 

.16 

.O^i 

.00 

4 

t6 

|l.2< 

)  1,131,00 

,88 

.78    .67. 

59    47 

.38    .29 

.21 

.12 

.03 

«.04 

13 

1.82  1.42 

i|  1.30!  1. 19 

1.09 

.99    .89, , 

80    .71 

.62    .54 

45 

'37 

.29 

.21 

H 

13^ 

)!l.27i.l6 

1.05 

*95 

.85, 

76,  .66.s7i  49 

40 

-32 

.24 

.16 

J5 

Wi 

ri.24M3 

I.OI 

.91 

.81. 

72    .62 

53;  *44 

.3<> 

•27 

•19 

.11 

t6 

iJ! 

;  t.ii'iao 

I 

•98 

^87 

.78. 

68    .58 

.49 

-40 

.32 

.22 

.14 

.07 

1 

17 

2,19  14J 

\  1,32' 

1.17 

1.03 

.90 

78 

.56 

.3<i 

.17 

—  .01 

--33 

-.64 

1 

c8 

|I4< 

>t.29 

1.14 

1.00 

.86    .741 

.52 

,32 

n 

-.04 

-.37 

-.68 

■ 

17 

2,23 'A 

J 147 

i.p 

1. 19 

1,07 

.95 

'V 

.53 

*34 

-17 

-.16 

-48 

■ 

.18 

|t,6c 

51*44 

1.29 

t  M 

1.02 

.91 

.69 

49 

.30 

.12  -.21 

~'5? 

■ 

17 

2.28  r.7s  t.6o 

1.46 

1  31 

1.22  f.IO 

.88 

.68 

46 

.31  -.02 

-.3^^ 

V 

i8 

|*^72|i^S7 

**43 

1,29 

i.i7ii.o6 

.84 

■^ 

t 

.27I-.06 

-.40 

»7 

3.321.85  1.71 

1,57 

1*45 

1.331.22 

1. 00 

.81 

4S|     .11 

—  .20 

f8 

il  81  1.67 

I  '^l 

141 

1.29  1. 18 

.96 

.77 

'11 

4o|     .07 

-.25 

M 

17 

2.j7ii^94Ji-8o 

1.68 

»5S 

145  1.35 

I.I3 

'?♦ 

75 

»S8      .25 

-.08 

■ 

18 

j.90i.7fJ 

1.64 

t.51 

140  I. ^0^ 

t.09 

.89 

'V 

,53      .20 

-,12 

■ 

"7 

2.41  2,0211.89 

177 

1.66 

I  55  145 

1.25 

1.05 

.87 

.70      .36 

.06 

■ 

i8              1.0^1.85 

1.73  »'f'2 

I  :;o  140        1.201       t.oo' 

.83 

.65.     .32 

.01 

1 
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TABLE  89. 
Upsbt  Screw  Ends  for  Square  Bahs, 
american  bridge  company  standard. 


c 

11 

tfMMltittW 

WKMffi.^ 

T 

LI      . 

-  -o^  - -r 

L,  B.  Co.  SEandard. 

Pitch  and  Shaped  of  Tbmd  A 

BAR, 

UI'SET* 

Square 
d. 

Area, 
Sq. 

WQsJi't 

Lb*. 

Diameter 

b, 

Ixi£heft. 

Leneth 

A4diti0imt 
hcngth 

for 
Upset 

incbci. 

Dtamcter 
at 

Root  of 

Thread 

c. 

AlcA. 

At  Root 

of 
Tbtead, 

Sq,  Inches, 

*  i 

0.563 

I.91 

li 

4 

4 

0,939 

0695 

ip 

*  i 

0,766 

3.60 

li 

4 

li 

1,064 

0.890 

i4i 

1 

1,000 

340 

li 

4 

4 

1,281 

1*94 

m 

li 

1.266 

+■30 

if 

4 

Si       1 

1.389 

1.515 

m 

il 

1.563 

5^3 1 

il 

4i 

4l 

1*615 

3^9 

3U 

li 

i*S9i 

643 

a 

4) 

4 

17" 

3*300 

m 

li 

3,aSO 

76s 

4 

5 

S 

1,961 

3Xi2i 

3+-3 

ij 

2.641 

8.98 

4 

S 

4i 

2.0S6 

3419 

m 

ij 

3.063 

1041 

li 

sJ 

4i 

2,17s 

3716 

51.3 

il 

36^^ 

1 1, 95 

2I 

Si 

S 

2,425 

4.619 

3^4 

2 

4.000 

13,60 

il 

6 

5 

2.SS0 

S.108 

117 

^1 

4.516 

15-35 

3 

6 

4i 

1.639 

54i8 

mi 

li 

5.063 

17,21 

3i 

6i 

Si 

2J79 

6,509 

Iti 

2i 

5-641 

19,18 

3i 

7 

61 

3-100 

7549 

3>.8 

aj 

&.ZSQ 

2I.2S 

3f 

7 

7 

3517 

8.641 

3§J 

^1 

6J9I 

2343 

3i 

7 

Si 

3-317 

8,641 

1S4 

a| 

7^563 

15,71 

4 

7i 

61 

3567 

9-993 

32J 

1      2l 

8,266 

28.10 

4i 

8 

7* 

3^798 

11.330 

371 

3 

9,000 

30,60 

ii 

8 

6 

3-798 

11,330 

15-9 

Jl 

9766 

33^30 

4i 

8i 

7 

4.028 

12,741 

304 

3i 

10,563 

3S9I 

4l 

Si 

.7i 

4-1S5 

14.221 

34^ 

Upsc 

ta  marked 

♦  are  spcdaL 
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TABLE  90. 
Upset  Screw  Ends  for  Round  Bars, 
american  brnxse  company  standard. 


t 

.   , 

■ 

a---' 

ill 

1 

1 

LJE 

H 

1^ 

Pitch  and  Shape  of  Thread  A 

i.  B.  Co.  Standard. 

BAR. 

UPSET. 

Diameter 

d. 
Inches 

Sq. 
Inches. 

Weight 

per  Foot, 

Lb. 

Diameter 

b. 

Inchea. 

Length 
Inches. 

Additional 

Length 

for  Upaet 

£S2; 

Diameter 

at  Root 

of  Thread 

Inches. 

Area. 

At  Root 
of  1  bread, 
Sq.  Inches. 

Excess 
Over  Area 
of  Bar,  %. 

M 

0.442 

1.50 

I 

4 

4 

0.838 

0.551 

24.7 

M 

0.601 

2.04 

li 

4 

5 

1.064 

0.890 

48.0 

I 

0.785 

2.67 

If 

4 

4 

1. 158 

1.054 

34.2 

It 

0.994 

3.38 

li 

4 

4 

1.283 

1.294 

30.2 

il 

1.227 

4.17 

It 

4 

4 

1.389 

1.515 

23.5 

1} 

1.485 

5.05 

li 

4 

4 

1490 

1.744 

17.5 

li 

1.767 

6.01 

2 

4J 

44 

I.711 

2.300 

30.2 

If 

2.074 

7.05 

2i 

4i 

4 

1.836 

2.649 

27.7 

li 

2.405 

8.18 

2i 

5 

4 

1. 961 

3.021 

25.6 

li 

2.761 

9.39 

2| 

5 

4 

2.086 

3.419 

23.8 

2 

3.142 

10.68 

2j 

5i 

4 

2.175 

3.716 

18.3 

2| 

3-S47 

12.06 

2l 

5i 

34 

2.300 

4.156 

17.2      . 

2l 

3.976 

13.52 

2i 

6 

44 

2.550 

5.108 

28.4 

2i 

4430 

15.06 

3 

6 

44 

2.629 

5.428 

22.5 

2j 

4.909 

16.69 

3i 

6J 

54 

2.879 

6.509 

32.6 

2l 

5.412 

18.40 

3i 

6i 

44 

2.879 

6.509 

20.3 

2i 

5.940 

20.19 

3i 

7 

54 

3.100 

7.549 

27.1 

2| 

6.492 

22.07 

3} 

7 

6 

3.317 

8.641 

33.1 

3 

7.069 

24.03 

3J 

7 

5 

3.317 

8.641 

22.2 

3l 

7.670 

26.08 

4 

74 

6 

3  567 

9-993 

30.3 

3l 

8.296 

28.21 

4 

7i 

5 

S.567 

9-993 

20.5 

3l 

8.946 

30.42 

4i 

8 

54 

3798 

11.330 

26.6 

3l 

9.621 

32.71 

4i 

8 

5 

3.798 

11.330 

17.8 

3l 

10.321 

35-09 

4l 

8i 

54 

4.028 

12.741 

23.4 

3i 

11.045 

37-55 

4i 

84 

6 

4.255 

14.221 

28.8 

3} 

11.793 

40.10 

4} 

84 

54 

4.255 

14.22: 

20.6 

UpM 

U  marked 

♦  are  spcci 

al. 
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TABLE  91 

Stakdakd  Eye  Baes 

Amkkigan  Brukje  Company  Standards 


OfiDENAfiv  Eve  Bars 


Bar 


Thiclt- 


5 


4'    i*-. 


HCAS 


p 


Max.  Pin 


Add,  MatedEd  A 


h 


eS 


Adjustaslb  Ey£  Bars 


H-wl'-*i 


I  i  * 


Bar 


£^ 


Scttsw  I^a> 


5^ 
D 

i 


JUL  MatoiiJ  B 


I?* 


4i 

Si 
6i 


37*S 


I-  o 
I-  4 


o-  7 


:i 


39.6 
36.6 


i 


a| 


7 
•  8 


40,0 


1-  3 
l-  7 
2^  o 


O-IO 

il_Z. 


1 


41.1 
38.1 
36-7 


4i 

5 


Ii 


7i 

.3 


i 


417 


I-  6 
i-ii 


I-  I 
I-  s 

i-io 


•i 


4 


34-j 
41,6 


li 


10 


13 


16 


10 
II 

*12 


12 


4l 
5i 

I 


J7S 


a-  3 

I-  E 


I-  6 
i-io 
1-  1 


JS^o 


J-  I 

2-  g 


1-  S 

2-  1 
a-  9 


I 

I 
il 


37^S 


2'  4 

1-  s 
3-  a 


I~IO 

2-  I 

2-  8 


'I 

I 


i6i 

i7i 

*t8| 


35<7 


2-  7 
2-11 

3-  4 


2-  2 
2-  6 
2-1 1 


18 
19 

*20 


37-S 


20 

*22 


7i 
94 


2-  8 

3-  o 


i-  3 
2-  6 
2-n 


*i 
tl 
i| 
If 


2I 
3, 

31 
Jj 


^3-9 
|2,o 

35-7 
44^ 


61 


3 


38.9 


2-1 1 

3-  7 


2-6 
3-  I 


:! 


1! 


36*2 

24,1 
30.2 

34,2 


6 
6 
6i 

7 
7 


81 
5U 


2S.8 
2S.0 
33-^ 
^7.3 


7 
8 


22i 
24 

•^5 


26I 
28 

*39i 


3S*o 


3-  S 
3  -9 


[O 

13 


37-S 


3-8 
4-  a 

4-8 


2-10 
3-  3 
±1J. 


3'  3 
3-8 

4-  ^ 


I] 

I 


11 


26.9 
29.  s 


7i 

8 

8i 


25.9 

29.3 
314 

3S.i 


8 

it 


Si 

9 
10 


31 
33 


36 
*37i 


12 

14 

ii_ 


14 
16 


3S-7 


4-  3 


3'  9 
4-  4 


37^S 
34  4 


4-n 
s-  S 


4-  S 
4^10 


Bars  marked  *  should  only  be  used  when  Bb< 
sofutdy  unavoidable. 

Deduct  Pin  Holes  when  figuring  weights* 


Bars  marked  *  ^ould  <mly  be  used  when  on- 
avoidabte. 

Minimum  length  of  short  end  itom  ccnWd^ 
to  end  of  screw  6'-6",  preferably  7'^'. 

Thread  on  short  end  to  be  left  hand^ 

Deduct  Fin  Holefl  when  figuring  wdghti- 
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TABLE  92. 

Loop  Rods. 

american  bridge  company  standard. 


ss^^M^i^i 


j^p* 


jB 


V-U- 


r-  ^  .,  For  Tumfauckls 
i«^  For  Sleew  Nut 


-  Li.  Mmtaram  htogth^*^'  7"-'- 


Pitch  and  Shape  of  Thread  A.  B.  Co.  Standard. 

Additional  Length  "A"  in  Feet  and  Inches  for  One  Loop. 

A  -  4.17P  +  S.89R. 


Diameter  or  Side  "R"  of  Rod  in  Inches. 


li 


li 


If 


0-  9} 

O-IO 
O-II 

1-  o 

I-  I 

I-  2 

I-  3 

I-  4 

I-  5 

I-  6 

i-7i 
I-  81 

i-9i 


o-io 

o-ioj 
0-11} 
i-oi 

I-  li 

I-  3 
I-  4 

I-  5 

I-  6 

I-  7 
I-  8 

1-  9 

i-io 

i-ii 

2-  o 
2-  I 

2-  2} 


o-i 

o-iij 
-  a" 

si 

-7i 
■81 
-10 

i-ii 

2-  O 
2-  I 
2-   2 

2-   3 

2-  4 

2-  6 

2-  7 


o-iij 

-  o 

-  I 

-  2 

-  3 

-4} 

-  si 
-61 

-7} 
-81 
-lol 
I-Ill 

2-  Ol 
2-  li 
2-   2I 

2-3i 

2-  6 
2-  7 

2-  8 
2-  9 

2-10 

2-II 


I-  I 
I-   2 

I-  3 
I-  4 

I-  7 
I-  8 

1-  9 
i-io 
I-II 

2-  ol 

2-  il 
2-  2I 

2-3i 

2-4i 

2-  si 

2-  61 
2-7i 

2-  81 

2-  9i 
2-I01 

3-  o 

3-  I 


1-2I 
i-3i 

I-  4i 

I- Si 
I-  7 
I-  8 

1-  9 

I-IO 

I-II 

2-  o 

2-    I 

2-  2 
2-  3 
2-  4 

2-   S 

2-  6 

2-71 
2-  8i 

2-  9i 
2-I01 

2-1 1 1 
3-0I 

3-  li 


i-4i 
I-  Si 

1-61 

1-7J 

1-  81 

i-9i 

i-ioi 
i-iij 

2-  ol 


2-  3 
2-  4 
2-  S 

2-  6 


2-  7 
2-  8 

2-  9 

2-10 

2-1 1 

3-  o 
3-  I 

3-2I 


I-  S 
I-  6 

I-  7 

1-  8 

i-9i 
i-iol 

1-11} 

2-  oj 
2-  li 

2-  2I 

2-  3i 
2-  4i 
2-  si 

2-  6i 

2-71 

2-  9 
2-10 

2-1 1 

3-  o 
3-  I 
3-  2 

3-  3 


I-  6 


I-  7 

I-  8 

1-  9 

I-IO 

I-II 

2-  o 

2-    I 
2-   2 

2-  3 

2-41 
2-  si 
2-  61 

2-7i 

2-  81 

2-  9I 
2-10I 

2-1 1 1 

3-0I 
3-ii 

3-  2I 

3-3i 


i-7i 


81 
9i 


2-  o 

2-  I 
2-  2 
2-  3 

2-  4 

2-  S 
2-  6 

2-  7 
2-  8 

2-  9 
2-10 
2-1 1 J 

3-0I 

3-  Il 
3-2i 

3-  3i 
3-4i 


1-  81 

i-9i 
i-ioi 
i-iil 

2-oi 

2-  Il 
2-   2j 

2-  3i 
-4i 

2-  6 

2-  7 
2-  8 

2-  9 

2-10 
2-1 1 

3-  o 
3-  I 

3-  2 
3-  3 
3-  4 

3-  S 


Pint  marked  ♦  are  special.    Maximum  shipping  length  of  "L**  =  35  feet. 
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TABLE  93. 

Clevises, 

amijucan  bridge  company  standard. 

All  dimensions  in  inches. 


jC|tanLB«  Line 

^1^ s...     ' 


.&^ 


Grip 

-tiiickiUMof  plat«  +  r* 

•s 

He^ii. 

Dtaineter 

of  Wo, 

P. 

w 

■ 

3 

1 

F 

A 

tHameter 

of  Upset, 

Hut. 

i 

Q 
D 

li 

T 

II 

Mux. 

MIft, 

E 

MmL 

Blio. 

N 

B 

3 
4 
5 
6 

7 

3 
4 
S 
6 

7 

3 
li 

i 

Ii 
li 
t 

2i 

a 

3 
3i 

3A 

Si 

li 
li 

5 

6 

8 
9 

1 
I| 

li 

2| 

It 

3 

4 

3i 

4l 

s 

4 

8 
i6 

l6 

Clevis  NitMBEits  for  Various  Rods  and  Fins, 

Kods, 

Flzifl. 

It:»imd. 

Square.  1  Upaet* 

£ 

H 

i| 

«l 

a 

>* 

ii 

3 

3l 

1 
i 

I 

It 

a 

It 

2t 

...... 

i 

It 

...... 

1} 

"ii" 
ii 
Ii 

a 

I 

ti 
"1 

ii 

4 

3 
3 

, 

. ,  * . . 

6 
6 
6 
6 

€ 

€ 
6 

6     ' 
6 

«■ 

6 
6 

6 

6 

7 

' 

7 

6 
7 
7 

7 

7 
7 

7 

7  . 

^eviwi  to  be  used  with  the  Rodi  tnd  Pin»  givto  tbcnre. 

Jlevisei  above  »nd  to  right  of  zigmg  line  may  be  uied  with  fork*  nraight, 

'  this  line  should  have  forks  closed  so  as  not  to  ovcrstress  pin. 

tboseb 

^^a 
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TABLE  94. 

TURNBUCKLES  AND  SlEEVE   NuTS. 
AMERICAN   BRIDGE   COMPANY   STANDARD. 

All  Dimensions  in  Inches. 


TURNBUCKLES. 

SLEEVE 

NUTS. 

t-^V-i*" 

1 

1 

1 
1 

'l*—L *\ 

<«>;«-*•- 41IVJ 

!••*■■»! 

S=J 

r^: 

—  I,— ► 

A  -  6";  A  -  9"9  for  tumbucklea  marked  *. 
Pitch  and  ahape  of  thicad,  A.  B.  Co.  Standatd. 

Pitch  and  shape  of  thread,  A.  B.  Co. 

Standard. 

tam. 
of 

Standard  Dimenaioiis. 

^iS 

Diam. 
of 

U 

Standard  Dimensions . 

^-1 

rrew. 
U 

D 

L 

C 

t 

G 

B 

D 

L 

A 

B 

c 

t 

i 

A 

7i 
7A 

7i 

7H 
7l 
81 
81 

A 

A 

i 
i 
A 

lA 

I 

A 

1 

a 

f 

li 

I 

1 

f 

if 

I 

A 
f 

H 

H 

tA 

H 

H 

tA 

i 
I 

Ti 

'A 

li 
i 

2 

2 

lA 

li 

*i 

3 

I 

Ij 

7 

ll 

li 

li 

i 

3 

1 

li 

9 

lA 

A 

2A 

4 

I 

1} 

7 

I| 

«i 

li 

I 

3 

■» 

iH 

9i 

lA 

i 

*A 

S 

li 

V  3 

7i 

2 

2A 

It 

A 

4 

>i 

li 

9i 

lA 

i 

2i 

6 

li 

If 

71 

2 

2A 

II 

A 

4 

>i 

2A 

lOl 

iH 

i 

3A 

7 

It 

2 

8 

2j 

2f 

ll 

i 

5 

>i 

2l 

lOj 

li 

i 

3A 

8 

li 

2 

8 

2j 

2} 

It 

i 

6 

f 

aA 

lOi 

2 

i 

3i 

10 

I J 

2i 

8J 

2i 

3A 

li 

A 

8 

1 

2| 

"i 

2l 

i 

2 

3J 

II 

i! 

2i 

8J 

2i 

3A 

li 

A 

9 

li 

2tt 

Hi 

2A 

H 

2i 

3i 

12 

li 

2i 

9 

3l 

3l 

2i 

i 

10 

I 

3 

12 

*l 

H 

2i 

4J 

H 

2 

2j 

9 

3  J 

3l 

2i 

i 

II 

ti 

3A 

i2i 

2j 

» 

2i 

4i 

17 

2i 

2j 

9i 

3i 

4A 

23 

A 

»4 

ii 

3i 

«i 

2H 

H 

2i 

4i 

20 

2i 

2! 

9l 

3i 

4A 

2i 

A 

«5 

1 

3A 

«3i 

*i 

H 

4i 

22 

2i 

3 

10 

3} 

4i 

2l 

i 

18 

ti 

3i 

I3i 

3A 

ii 

Si 

25 

2i 

3 

10 

3i 

4i 

2t 

1 

19 

•■i 

4i 

«4i 

3i 

a 

Si 

33 

2i 

3i 

lOl 

4i 

4ii 

2j 

a 

23 

ti 

4A 

I4t 

3A 

lA 

6A 

36 

2j 

3i 

II 

4t 

Si 

3i 

i 

27 

( 

4i 

>S 

3l 

lA 

3i 

6i 

40 

3 

3J 

II 

4l 

si 

3i 

i 

28 

li 

4{ 

•Si 

3t 

lA 

6i 

50 

3i 

31 

111 

5 

sH 

33 

n 

35 

li 

5i 

i6| 

4i 

lA 

7i 

6S 

3l 

4 

12 

Si 

6i 

3l 

i 

40 

il 

5l 

«7l 

4A 

lA 

8J 

95 

3l 

4i 

12J 

5l 

6H 

3i 

ii 

47 

t 

6 

18 

4l 

lA 

8i 

108 

4 

4} 

13 

6J 

7A 

4i 

I 

55 

li 

6i 

Hi 

4t 

«i 

sA 

9J 

140 

4i 

4J 

13J 

6i 

7} 

4l 

lA 

65 

4 

61 

«J 

Si 

li 

6i 

loi 

19s 

4i 

S 

14 

6i 

7H 

4i 

lA 

75 

J 

7i 

*3J 
H 

Si 

6 

2 

6i 
6i 

Hi 

"1 

205 
250 

7l 

2i 

1 

, 

i 

i 

1 
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TABLE  95. 

Bridge  Pins  and  Nuts. 

american  bridge  company  standard. 

All  Dimensions  in  Inches. 


r--r 


To  obtaia  gxip»  add  it"  for  each  bar,    Nnts  Ibrcaded  6  thnadi  per  ixudtu 
To  obiaiu  dlMaaee  between  ihoulden,  add  atciotmt  0wa  fa  tabk  to  gripi* 


Diameter  of  Ffn, 

d. 


4: 

1. 

^i 

*3l, 

4 

•4i, 

4i, 

Hi 

>;, 

•si 

ik, 

♦^ , 

6 

*6i, 

•61 
7 

*7;, 

*7 

•7  , 
*9i, 

8. 

•81 

9 

10 

Ptn. 


Ttuiad. 


3 
3l 

it 

si 

6 

6 
6 


Add 

to 

1)  Grii>, 


1 

;{ 

It 

2 
2i 


Nut. 


ThJck- 
DeWp 

t 


St 


l>lanieter. 


3l 

4l 

h 

10 
10{ 

III 


It 

8 
81 


Deptli 


Diara- 

RouEb 
Hole. 


U 


1-7 

itJ 

I&.6 

ILL 


PK21 
PN33 
PKu 

PK25 

PK:5 

FN  17 
PNiS 
FN  29 
PN30 
FN  51 
PNji 
PV>] 


Pms  marked  ♦are  special. 
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TABLE  96. 
Cotter  Pins. 

AMERICAN   BRIDGE    COMPANY   STANDARD. 

All  Dimensions  in  Inches. 


*-Gf" 


— ITT" 


Jd,i- 


-Q »;*-i"^ 


11 


Hcwj^DtttAi.  Oft  VteTiCAL  Pin  Fim^dBo. 


Pin. 


2k 

s 


Head. 


II 

2 
3} 


O 


Colter, 


2 

3 

it 

4 

s 
s 

6 
6 


HoKtiomrAi.  Pm  Rough  or  Fikisked. 


Fii3. 


•i 

» 

J 


a 


Cotter. 


2i 
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TABLE  97 
BsAsiNG  Values  of  Pins. 


Pin. 

Beaifaii  Value  of  inate  x^  Thick  for  Unit  Stien  per  SqauB  Inch  of 

DiMLOfFli 

kb. 

Diain.lii  In. 

Area. 

12  000 

15000 

ao  000 

22  000 

24  000 

I 

li 

I 

If 

.78s 
1.227 
1.767 
2.405 

12  0CX> 
15  0C» 

x8  ocx> 
21  ocx> 

15  000 

18  800 
22  500 
26  500 

20  000 

25  000 
30  000 
35  000 

22  000 
27  500 

38  500 

24  000 
30  000 
36000 
4a  000 

2 
2 

2} 

3.142 
3.976 
4909 
5940 

24  000 
27  0C» 
30  000 

33  000 

30  000 

33  800 
37  500 
41  300 

40  000 
45  000 
50  000 
55  000 

44000 
49  500 

60  500 

4S000 
|4  000 
60  000 
66  000 

2 

3, 

3 
3 

7.069 

8.296 

9.621 

11.045 

36000 
39000 
42  000 
45  000 

48  800 
52  500 
56  300 

60  000 

65000 

75  000 

66  uoo 
71  500 

82  500 

72  000 
78  000 
84  000 
90000 

4, 
4} 
4 

4 

12.566 
14.186 
15.904 
17.7^1 

48  000 
51  000 
54000 
57  000 

60  000 
63  800 
67  Soo 
71  300 

80  000 
85  000 
90000 
95  000 

88  000 

93  500 

99  000 

104  500 

96000 
102  000 
108  000 

114  000 

4 

S 

si 

5 
si 

23.758 
25.967 

60  000 
63  000 
66  000 
69000 

75  000 
78  800 
82  500 
86  300 

100  000 
105  000 
no  000 
115  000 

no  000 
115  500 
121  000 
126  500 

120  000 
126  000 
132  000 
138000 

5 

6 

6i 

28.274 
30.680 
33.183 
35.785 

72  000 
75  000 
78  000 
81  000 

90  000 

93  800 

97  500 

loi  300 

120  000 

125  000 
130  000 
13s  000 

132  000 

137  SOO 
143  000 

148  500 

144000 
150  000 

156  000 
162  000 

6 

6 
6 

7 
7} 
7h 
7i 

38.485 
41.282 
44x79 
47.173 

84  000 
87  000 
90  000 
93  000 

105  000 
108  800 
112  500 
116  300 

140  000 
145  000 
150  000 
155  000 

154  000 
159  500 
165  000 
170  500 

168  000 
174  000 
180  000 
186  000 

7 
7 
7 
7} 

8 

8i 
8| 
8i 

50.265 
53.456 
56.745 
60.132 

96  000 

99  000 

102  000 

105  000 

120  000 
123  800 
127  500 
131  300 

160  000 
165  000 
170  000 
175  000 

176  000 
181  500 
187  000 
192  500 

192  000 
198  000 
204  000 
210  000 

8 
81 
8} 
8i 

9, 
9i 
9i 
9i 

63.617 
67.201 
70.882 
74.662 

108  000 
III  000 
114  000 
117  000 

135  000 
138  800 
142  500 
146  300 

180  000 
185  000 
190  000 
195  000 

198  000 
203  500 
209  000 
214  500 

216  000 
222  000 
228  000 
234  000 

'1 

10 

ii 

78.540 
82.516 
86.590 
90.763 

120  000 
123  000 
126  000 
129  000 

150  000 

153  800 
157  500 
161  300 

200  000 
205  000 
210  000 
215  000 

220  000 
225  500 
231  000 
236  500 

240  000 
246  000 
252  000 
258  000 

10 
10 
10 
10 

II 

III 
ii§ 

III 

95.033 
99.402 
103.869 
108.434 

132  000 
135  000 

138  000 
141  000 

165  000 

168  800 
172  500 
176  300 

220  000 
225  000 
230  000 
235  000 

242  000 
247  500 
253  000 

258  500 

264  000 
270000 
276  000 
282  000 

II 
11 
11 
II 

12 

113.097 

144  000 

180  000 

240000 

264000 

288  000 

12 

214 


TABLE  98 

^ 

Bending  Moments  on 

Pins. 

I 

Pin. 

Max.  Mocoenu  la  IncU-Pminda  for  Fiber  Strea  per 

SQtisre  Inch  of 

of  Pin 

I 

■ 

a. 

AlCfi. 

15  000 

18  000 

20  000 

22  000 

22  500 

24  OQO 

as  000 

in  In. 

I 

.7^5 

I  470 

I  770 

I  960 

2  160 

2  210 

2  360 

2  450 

1 

1.227 

2  880 

3  450 

3  830 

,    4  iio. 

4  310 

4  600! 

4  790 

m^ 

1-767 

4  970 

5  960! 

6  630 

7  ^90 

7  460 

7  950! 

8  280 

MO5 

7  890 

9  470 

10  500 

II  580 

11  800 

12  630 

13  200 

, 

; 

3*l4a 

II  800 

14  100 

15  700 

17  280 

17  7CO 

18  800 

19  600 

M 

>l 

5.976 

16  800 

20  100 

22  400 

24  600 

25  200 

26  800 

28  000 

^ 

X 

4-909 

25  000 

27  600 

30  700 

33  700 

34  500 

36  800 

38  300 

S.940 

30  600 

36  800 

40  800 

44  900 

45  900 

49  000 

51  000 

\ 

i:S 

39  800 

47  Ttxj 

53  000 

58  300 

59  600 

63  600 

66  300 

I 

50  600 

60  700 

67  400 

74  too 

75  800 

80  900 

84  300 

y 

9.621 

65  too 

75  800 

84  100 

92  600 

94  700 
116  soo 

lOI  OOQ 

105  200 

1 

n.<HS 

77  700 

93  200 

103  soo 

113  900 

124  3001 

129  400 

d 

^ 

n.566 

94  200 

113  too 

125  700' 

138  200 

141  400 

150  800 

157  100 

^ 

m   14^86 

M3  000 

135  700 

150  700 

165  ftoo 

169  600 

180  900 

188  400, 

P 

15904 

134  200 

161  000 

178  900 

196  800 

201  300 

214  700 

223  7O0j 

F 

17.721 

157  800 

189  400 

210  400 

231  500 

236  700 

as*  500 

263  000 

k 

196T5 

184  100 

220  900 

245  400 

270  000 

276  100 

294  500 

306  800 

< 

H  11.648 

2I|  100 

255  700 

2S4  100 

312  500 

319  600 

340  900 

355  200 

■ 

W   »5-75« 

245  000 

29^  000 

326  700 

359  3CO 

367  500 

392  000 

408  300 

■ 

I   as.967 

280  000 

373  300 

410  600 

419  900 

447  900 

466  600 

■ 

1  '^il* 

318  too 

381  700 

424  100 

466  soo 

477  100 

508  900 

530  100 

6 

■  J0.680 

359  500 

431  400 

479  400 

527  300 

539  300 

575  300 

599  200 

6\ 

■ 

SJi**3 

¥H  400 

485  300 

539  200 

593  100 

606  600 

647  100 

674  000 

6\ 

■ 

JS'785 

452  900 

543  500 

6oj  900 

664  300 

679  400 

724  600 

754  800 

6J 

■ 

3^485 

505  100 

606  100 

673  5CO 

740  800 

757  700 

808  200 

841  800 

7 

■ 

41.182 

561  200 

673  400 

748  200 

823  lOO| 

841  800 

897  900 

935  300 

7} 
7 

■ 

44^179 

621  300 

745  500 

828  400 

911  200 

931  900 

994  000 

1  035  400 

m 

4M73 

685  soo 

822  600 

914  000 

I  00$  40c 

I  028  200 

1  096  800 

J  142  500 

7 

50.265 

754  000 
826  900 

904  800 

I  005  300 

I  105  800 

I  131  000 

I  206  400 

I  256  600 

8 

5^456 

992  300 

I  102  500 

I  212  800 

I  240  400 

I  ^2^  000 

I  378  200 

^ 

* 

56^745 

904  400 
986  500 

I  085  300 

I  205  800 

I  326  400 

I  356  600 

I  447  000 

I  507  300 

8 

' 

60.152 

I  183  900 

,1  31s  400 

I  446  900 

I  479  800 

1  578  500 

I  644  200 

8i 

, 

65.617 

1  <y7i  soo 

I  288  200 

I  431  400 

I  574  500 

I  610  300 

1  717  700 

I  789  200 

9 

'i| 

67.201 

t  165  500 

I  398  600 

1  5S4  000 

I  709  400 

1  748  300 

1  864  800 

1  942  500 

9 
9 

1 

r^mi 

I  262  600 

t  515  too 

I  683  500 

t  851  800 

I  893  900 

2  020  100 

2  104  300 

» 

74663 

I  3^  900 

I  637  900 

I  819  900 

2  001  900 

2  047  400 

2  183  900 

2  274  900 

9l 

l» 

7«540 

1  472  600 

1  767  100 

1  963  500 

2  159  800 

2  208  900 

2  356  200 

2  454  400 

to 

Ik 

Ri.St6 

1  58s  900 

I  903  000 

2  114  500 

2  325  900 

2  378  800 

2  537  400 

2  727  000 

2  643  too 

to 

■ 

86.;qo 

f  704  700 

2  045  700 

2  273  000 

2  500  300 

2  557  100 

2  841  200 

10 

■ 

90.76) 

t  829  400 

2  195  300 

2  439  200 

2  683  200 

2  744  100 

2  927  100 

3  049  100 

10 

■ 

or.oi  T 

f  960  100 

2  352  too 

2  613  400 

2  874  800 

2  940  100 

3  136  100 

3  266  800 

It 

■ 

:  096  800 

2  s'i6  100 

2  795  700 

3  075  »oo 

3  145  too 

3  354  800 

3  494  60U 

n 

m.  ' 

:  219  700 
2  388  900 

2  687  600 

2  986  200 

3  284  900 

3  359  soo 

3  583  500 

3  73i  800 

11! 

Kji0^.4i4 

2  866  700 

3  185  200 

3  S03  800 

3  583  400 

3  822  300 

3  981  600 

11 

^TfTT.097 

2  544  TOO 

1  0;;  600 

5  392  900 

3  732  200 

3  8r7  000 

4  071  500 

4  241  200 

II 

1- 

i 
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TABLE  99. 

Long  Pilot  Nuts. 

Ambbicaw  Bridgk  Coicpaky's  Standards. 


FfljOft  Nuti  are  loadc  liiQm  SpediJ  Rafd  Slttl 
and  finiabed  ill  ovtt* 


S^xvwt  6  Tlucada  per  IndL 


J  2 
D 


I 

Si 

si 
6 
6i 

?i 

7i 
7i 
i 

@| 

8f 

9 

9i 

10 
lOi 

loi 
loi 
II 


li" 


3i 


H 


jA 

ff 

3H 
4A 

4H 

il. 
(f 

(I 


'I 


2l 


6 
I 

it 

a 
■( 

lO 

Hi 
u 

It 

It 
Hi 

«i 

<i 

41 

l6 

17* 

II 
It 

I9l 

II 
If 

11 

31 } 


H 


u 


2 

It 

l( 

<f 

<i 

it 

*i 

ii 

(t 

*t 

<l 

ti 

If 

ct 

Ii 

I 

li 

H 

tt 

ti 

ti 

l< 

II 

'^.i" 

if 

7l 

II 

41 

g 
If 

Ii 

14 

^1 


s 

lA 

I 

i 
i| 
t 

I 

Ii 

It 

.1 

I 

i 
■I 


I8J" 


37 


40 


45 


51 


^7 


I" 
<i 


»j 


li 
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TABLE  100 

Short  Pilot  Nuts  and  Driving  Nuts. 

American  Bridge  Company's  Standards. 


\ 

i 

1 

-H 

UJSI 

1 

^     \ 

.^___           -U.J]l^       s                       1 

-i-rT-iri 

Ri 

^^ 

"1  ■  't"t      TVA'                    I 

^    ■      1 

h 

K 

r 

\ 

"     *'     t       ,  jf^/    J 

:  "  '^ 

T  T  T 

m 

L 

jn     . 

i^^  Q  t  fl    JLK   ^y                                       1 

■  k-^-i 

1 

^ 

St^f^ 

^4r 

"***         H!3??l;.1(4  ISii'*''*'^                                                              1 

.±rA-vJfi 

ss^ 

Oimciuio&H  Ln  hkdbeM,                    | 

il 

1 

|i 

^11 

ti 
H 

1^ 

1 

^4 

"3  , 

1'^ 

III  €g 

pi  11 

m     1  "« 

4 

IS  r§ 

a     il 

I> 

s 

H 

L 

T 

R 

^ 

D 

s 

H 

T          L 

E    ^     R 

G 

p 

B      IS 

iT 

4 

il" 

(1 

il 

II 

4i" 

14 

5^ 
I, 

1 

■■r, 

a" 
II 

:; 

*i" 

f 

jA" 

i" 

if 

4 
5 

4 

1 

tH 

li 

I 

Ii 

I. 

si 

lA 

14 

s 

1{ 

\f^ 

2| 

3A 

" 

i 

H 

l< 

4i 

Ii 

u 

ii 

i.S 

1 
1 

1 

li 

•< 

it 
li 

If 

If 

3. 

tl 

3 

3A  1 

l» 

SI 

it 

m 

li 

il 

3i 

if 

11 
17 

r« 

u 

ii 

ii 

i« 

3- 

Si 

4    1 

3H 

11 

61 

11 

iH 

si 

3} 

t 

23 

1 

1 

l< 

l« 
ii 

'      If 

i« 

5' 
4 

6i 

6 

4i 

S 

IS 

41 

6| 
7 

5 

;i 

t 

4i 

1  ^7 
37 

i 

l[ 

l< 

h 

7i 

Si 

sA 

it 

7 

*H 

ii 

u 

tf 

S6 

1 

4^ 

f 

H 

l« 

l< 

ii 

S- 

S) 

6 

sH 

if 

7J 

4t 

*ll 

itf, 

14 

tl 

67 

% 

4 

3|* 

'      fi 

It 

5- 

9 

if 

il 

II 

It 

it 

it 

if 

4l 

li 

86 

Sr 

H 

II 

II 

S. 

10^ 

li 

it 

3 

8i 

3J 

'* 

4 

5) 

it 

1 30 

1 

r 

M 

4< 

1* 
II 

if 

41 

ii 
(1 

if 

111 

ft 

If 

ti 

it      ^     It 

it 

41 

4f 

"     'S«l 

5 
S 

s 

I 

4H 

?• 

'i 

»i 

9- 
II, 

s 

s^ 

sA 

«■ 

il 

.<i 

lO. 

r 

M 

u 

il 

if 

II 

12. 

r 

M 

*i 

ti 

it 

u 

It 

r 

l( 

«t 

il 

II 

1      li 

r 

6 

sH 

II 

i 

61 

H* 

i 

i4 

ii 

il 

if 

il 

i6. 

Pilot  Nuts  and  Driving  Nuts  are  made  from  special 

i 

It 

«c 

ii 

il 

li 

19, 

hard  steeL     Pilot  nuts  arc  finished  al!  over. 

t 

It 

(f 

II 

41 

11 

at. 

Screws  6  threads  per  inch. 

1 

H 

ii 

II 

il 

41 

H- 

When  short  pitot  nuts  are  needed  on  bottom  chord 

» 

U 

i( 

il 

If 

H 

j8. 

pins,  long  pilot  nuts  are  to  be  sent  for  all  otJier  pins, 

H 

<l 

<£ 

\i 

<i 

7 

53^ 

m  addition. 

i 

CI 

>» 

CI 

It 

J6. 

4 

M       ' 

tE 

H 

II 

II 

40. 

1 

H 

u 

fl 

ii 

li 

4S« 
48. 

i 

**       1 

u 

It 

ii 

U 

>i 

4« 

11 

Ii        1 

41 

14 

St 

1 

«i 

t* 

U 

II 

il 

_• 

il 

Md 

U 

14 

14 

S9- 
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TABLE  101. 

SCEEW  TEftfiADS. 
AMERJCAM   BRIDGE    COMPANY   STANDAE0. 

Bolts,  Rods,  Eye  Baes,  Tuenbuckles,  Sleeve  Ntixs,  and  Clevises. 


k— p— ^ 


-tK        -^H 


DifuoctcTi 


Total 
In. 


Net. 
In. 


Axtik. 


Tota] 
Did.,  d. 


Net 

Sq.  in. 


Ntlmber 
of 


Dbnwter. 


Tfital» 
d, 
In. 


Net 
In. 


Arb. 


T-qtal 
DiA,.  d. 
Sq.  In. 


Net 
Obi.,c. 

Sq.  in. 


.507 

'.838 

"939 

1.064 

1.158 

1.389 
1490 

I.6IS 

t.7it 
1.S36 
1.961 
2.086 


,049 
aio 
.196 
307 

j^ 

.78S 

994 

1.227 

1.485 
1.767 
1^4 
2.40s 

2.761 

3  I4J 

3W 
3-97^^ 
4430 


»027 

.o6g 
.126 
.202 
.502 
4i9 

.693 

1.054 
1.294 

1744 
2.049 

l.JCSO 

2.649 
3.021 
3419 


10 

16 

13 

It 

10 

9 

S 
7 

I 

6 

5i 

5 

S 

J! 

4J 


2i 

2: 

l| 

si 

4^ 

4i 

4| 
41 

S 

I* 


3,17s 
2.300 

2425 
2.550 

2.619 

2.879 
3.100 

3317 

379a 
4X>iS 

4-2SS 

44B0 
473^ 
4-9S3 
5.203 
54^3 


4-909 
5412 

S940 
6491 

7.069 
a.296 
9.621 

n.045 

12,566 
14.186 

15*904 
17.721 

19.635 
21.648 
i375S 
25.967 
28.274 


3.716 
4.156 
4.619 
5.108 

5.428 
6.509 

7S49 
8.641 

9993 
1 1.330 
12.74T 

iS-766 

I7*S74 
19.368 
21.262 
2309s 


Bolt  Heads  and  Nuts. 

AMERICAN  BMDGE   COMPANY  STANDAED. 


feg^.^liM 


H^ 


h^^ 


^ftA 


Roujth  Ni]t. 


i-Sd  +  i" 


Finlflfaed  Nut* 


i.Sd+A" 


d-A" 


Rou£b  Head. 


t.$d+r 


o.sf 


Flniiheil  Had. 


i.Sd  +  A" 


a|! 


For  Screw  Threads,  Bolt  K«id)  »nd  NttU,  the  Aineric«n  Bridfie  Company  h»*  «dqpti 
Franlclin  Institute  Standard,  commont)'  knourn  aa  United  Slates  Standard. 
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TABLE  102. 
Bolt  Heads  and  Nuts,  Dimensions  in  Inches. 

AMERICAN   bridge   COMPANY   STANDARD. 


HEAD. 

""i 

NUT.                                      I 

Jlezagonal. 

Hex.  or 
Square. 

Square. 

Hexagonal. 

Hex.  or 
Square. 

Square. 

i 

0 

8<ii»r». 

0 

Hex.  or 
Bqaan. 

Square. 

Dfauaater. 

B" 

DUmetes. 

^ 

m 

Diameter. 

Diameter. 

Diameter. 

Diameter. 

Diameter. 

Ltmg. 

Short. 

Hd^t. 

Long. 

Short. 

Long. 

Short. 

Height. 

Long. 

Short. 

i 

i 

i 

ii 

i 

i 

i 

ii 

i 

H 

H 

1 

I 

ii 

H 

ii 

I 

ii 

I 

1 

A 

il 

i 

I 

1 

Ii 

i 

ii 

lA 

A 

Ii 

lA 

ij 

lA 

Ii 

lA 

ift 

li 

i 

Ii* 

il 

lA 

Ii 

lii 

Ii 

itt 

lA 

i 

2A 

lA 

lii 

lA 

2A 

lA 

li 

«l 

H 

2A 

Ii 

If 

Ii 

2A 

Ii 

1 

zi 

iH 

a 

2A 

iH 

2i 

iH 

2A 

iH 

2-ft 

2 

I 

2H 

2 

2A 

2 

2H 

2 

*A 

2A 

li 

3i 

2A 

2A 

2A 

3i 

2A 

2i 

2| 

lA 

3l 

2i 

2i 

2i 

3l 

2i 

J 

2A 

lA 

3i 

2A 

3 

2A 

3i 

2A 

3A 

2l 

li 

3i 

2i 

3A 

2i 

3i 

2i 

3A 

2H 

li 

4A 

2H 

3A 

2ii 

4A 

2i{ 

3l 

3i 

lA 

4A 

3i 

2 

3i 

3i 

2 

4A 

3i 

4A 

3J 

il 

4li 

3i 

2i 

4A 

3i 

2i 

4H 

3i 

4i 

3t 

lit 

si 

3i 

2J 

4i 

3i 

2i 

Si 

3i 

I 

4H 

4i 

2i 

6 

4l 

2i 

4}* 

4l 

2| 

6 

4i 

5i 

4f 

2A 

6A 

4f 

3 

si 

4i 

3 

6A 

4l 

sH 

S 

2j 

7A 

s 

3i 

si* 

S 

3i 

7A 

S 

61 

Si 

2H 

7l 

si 

3i 

6i 

Si 

3i 

7l 

Si 

Bolt  Threads 

Length  in  Inches. 

Length. 

Diameter,  Inches.                                                                       | 

Inches. 

.1-1 

1 

1 

i 

i 

»        1 

1       '       i 

i 

I 

•»     !     >J 

I     to     l§ 
l|  to    2 

I 
I 

1 

li 

Ii 
Ii 

li  to    2} 

I 

if  to    3 

I 

2i 

Jito   4 

Ii 

Ii 

if 

2i 

2i 

a  to   8 

I 

I 

Ii 

2 

2} 

2i 

2i 

Bi  to  12 

I 

I 

Ii 

2 

2i 

2§ 

3 

3 

2|  t0  20 

I 

I 

Ii 

2 

2 

2i 

2i 

3 

3 

Bolte  not  listed  are  threaded  about  3  time 

s  the  diameter;  in  no  case  are  standard  bolts  threaded 

Qier  to  the  head  than  I  inch. 
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Bolts  with  Hexagon  Heads  and  Nuts. 

american  bridgs  cohfaky  standard. 

Weight  in  Pounds  per  ioo  Bolts. 


Under 
Inches. 

Diameter  of  Bolt,  lodiea. 

Lenutli 
Oil  tier 

Dbmeter  of  Bolt.  EndieL 

) 

• 

1 

i 

I 

H<rad. 

1 

t 

i 

f 

J 

»9 

20 

33 
34 

36 

38 
40 

53 
54 
S7 

8 

S8 
1     60 

93 
96 

too 

157 
»43 
149 
1S6 
162 

lOL 

1 

8» 
9 

9i 
so 

lot 

31 

63 
66 

210 

H 

los 
109 

J19 
227 

63 

93 

132 

68 

»i 

a6 

43 

66 

97 

137 

loi 

71 

114 

t68 

236 

>i 

1    %7 

4J 

69 

101 

143 

It 

74 

118 

174 

*44 

2i 

ig 

47 

7* 

105 

148 

nl 

77 

112 

tSl 

2S3 

s 

30 

49 

75 

109 

1S4 

12 

So 

117    1 

187 

261 

3i 

31 

5< 

7S 

114 

t6o 

I2i 

82 

131 

193 

270 

3) 

33 

54 

82 

iig 

16s 

13 

es 

I3S 

199 

278 

3i 

34 

56 

85 

122 

171 

13* 

88 

139 

xo6 

28? 

4 

3S 

S8 

8$ 

126 

176 

H 

9» 

144 

212 

m 

4t 

57 

60 

90 

130 

iSo 

144 

93 

148 

31 S 

3<H 

4 

38 

61 

94 

134 

186 

"S 

96 

m 

S2S 

311 

4i 

39 

64 

97 

138 

191 

iSl 

99 

157 

231 

3" 

s 

41 

66 

100 

143 

197 

16 

102 

161 

^37 

3^9 

5\ 

41 

68 

m 

147 

aoi 

l6i 

los 

16s 

245 

33« 

5} 

44 

71 

106 

iSi 

S08 

I? 

107 

tfO 

2SO 

346 

Si 

4S 

73 

109 

IS6 

213 

I7i 

MO 

174 

256 

m 

6 

46 

7£ 

112 

160 

219 

1$ 

113 

177 

262 

364 

6i 

48 

77 

115 

164 

225 

iSi 

116 

i8j 

26B 

373 

6i 

49 

79 

119 

168 

330 

19 

119 

187 

^75    i 

381 

6» 

SI 

Si 

[22 

173 

236 

i9i 

121 

191 

281 

389 

7 

S2 

84 

IIS 

177 

241 

JO 

124 

igfi 

287    1 

39a 

7i 

7* 

.       71 

S3 
S6 

86 

1 28 

181 

247 

88 

131 
134 

190 

90 

Per  Inch 

Per  Inch 

Additional 

5.6 

S-7 

I2.S 

17^0 

22.3 

Additional 

S.6 

B.7 

12-5 

17^ 

i 

Hexagon 

Nuts 

AND  Bolt  I 

Ieads. 

Weigh 

Ts  IN  Pounds 

5   FOR    C 

Dne  Head  a 

ND  One  Nut. 

Otomcti 

trof  Bol 

t.  Inched 

k 

t* 

t| 

ti 

a 

*4 

HciagOQ  He 
Weight  of  St 

ad  and 

Nut..  . 

173 
.3479 

? 

^9S 
.§007 

4.61 

6,70 

13.0 

tj9t 

lU 

laiik  pc 

r Inch , 

.68 

IS 

,8900 

SA 
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TABLE  104. 

Bolts  with  Square  Heads  and  Nuts. 

american  bridge  company  standard. 

Weight  in  Pounds  per  ioo  Bolts. 


ngth  Under 
Bad.  Inches. 


I 

li 
li 
II 

2 

2i 

2i 
2| 

3 
3i 

4 

4i 

5 

Si 

6 

6i 

7 

7* 

8 

9 

ID 
12 
14 


er  Inch 
dditional . 


4 
4 
S 
S 
S 
6 
6 
6 
7 
7 
8 

9 

lO 
lO 
IX 


1.4 


Diameter  of  Bolt,  Inches. 


7 
7 
8 
8 
9 
9 

lO 
lO 

II 

12 

13 
H 
15 
i6 

17 


II 
II 

12 

13 

IS 
15 
i6 

17 

i8 

20 
21 
23 
25 
26 
28 
29 

31 

32 

34 


3-1 


15 
i6 

17 
i8 

19 

20 
21 
22 
24 
25 
28 
30 
32 

34 
36 

38 
40 
42 
45 
49 
53 
61 


4-3 


22 
23 
24 
26 

27 
28 
30 
31 
33 
35 
38 
41 
43 
46 

49 
52 
55 
57 
60 

65 
71 
82 

93 


5.6 


I 


37 
39 
41 
43 
45 
47 
49 
SI 
54 
58 
62 
66 
71 
75 
79 
84 
88 

92 
97 
105 
114 
131 
148 


8.7 


li 


56 
59 
62 
64 
67 
71 
74 
77 
80 
86 
92 
98 
104 
III 

117 
123 
129 
136 
142 
154 
167 
192 
217 


12.5 


lOI 

104 
109 
113 

117 
126 

134 
142 

151 
159 

168 
176 
185 

193 
202 
218 

235 
269 
303 


17.0 


144 
150 

155 
161 
167 
178 
189 
198 
209 
220 
232 
243 

254 
265 
276 
298 
320 
364 
409 


22.3 


Square  Nuts  and  Bolt  Heads. 
Weights  in  Pounds  for  One  Head  and  One  Nut. 


Diameter  of  Bolt,  Inches. 


qoare  Head  and  Nut .... 
ITd^t  of  Shank  per  Inch . 


Ij 

li 

If 

3 

3) 

3 

2.05 

.3477 

3.51 
.5007 

5.48 
.6815 

8.08 
.8900 

15.5 
1.391 

26.2 
2.003 
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TABLE  lOS. 
Lekotbs  or  Bolts  and  Tie  Rods^ 


t~ 


Gtip. 


Diameter. 


i"    I"    r    I 


Gttpw 


Dkfuetei-* 


4"    r    r    I 


Gflpu 


Dkmeter. 


r 


r' 


r  I  ** 


if 

:{ 

Si 

5i 
J 

3i 

^1 
ji 
ii 

4 
4 
4 
4 

I 


H 

i 

H 
t 

2 

i\ 

3 

If 

i 

Si 
4 

4i 

S 

S 


I 

51 

l» 
6 
6 
6 

6i 
6i 

n 

7 

7 
7 
7 
7i 

;l 

7i 
8 

8 
S 
8 

S| 
g| 
«} 
81 
9 


6 

6 

6 

6i 

6i 

64 

6i 

7 

7 

7 

;. 
;! 

S 
8 
g 
g 
Si 

!l 

81 

9 

9 


6 

6 

6 
6i 

7 
7 
7 

?t 

7t 

8 

8 

8 
S 
8i 

si 

81 

b| 

9 
9 

9 


5* 

5t 

si 

6 
6 

6 

6i 

6i 

6i 

7 

7 

7 

7 

^f 
7? 
7l 
7* 

8 
B 
8 
g 

H 

8r 
s 
& 

9 
9 
9 
9 


i 


II 


9' 
9 
9 

91 
9 
9 
9* 

lO 

lo 
to 

10 

io| 
lol 

loi 

loi 

fi 

II 

II 

It 

i:l 

n| 

Hi 
tj 

12 
11 
U 


9 

o 
o 

0 

o 
(4 
oj 
oi 


t 


For  Cm  Thread! 
Uir  ['',  i"  and  i''  Roda 


^ 


,J*3emi*JM*4^_s£ 


For  RoHcd  Tlirtidi  (    . 
H"  instead  of  r  Rfld* 


-urOmtar-ef-SkuMr - 


CtoC 


l-O 

1-4*  5 1  ^ 
i'7i  «t  9 
i-io»  II 
i-o 


LkUi. 


I   J 

1-9 

2-0 
2-3 

1-6 


CtoC 


i-4t  Si  6 
i-7^  8,  9 
I-IO,    II 

3=o 

1-4i  Si  6 
1-7.  8,  9 


Lcth. 


1-9 

5-0 

3-5 

3-6 
3^ 
4-0 


CtoC 

Beam*. 


*      ft 
J-IO,    II 

4-0 

4-1.  5.  3 
4-4.  S.  6 
4-7.  8i  9 
4-10,  li 

S-o 


Uth. 


4-3 

4-6 
4-9 
S-o 

S-3 
5-3 


CtoC 


S-i.  a,  3 
S'4t  S.  6 
S-7.  8,  9 
S-io,  II 

6-1,  1.  3 

6-4,  S.  6 


Utb. 


S^ 

s^ 

6-0 
6-3 
6-3 
6^ 


CtoC 

B«fttn0. 


6-7.  8.  9 
6-iO|  II 
7-0 

7-h  ».  3 
7-4.  Sf  6 
7-7,  8,  9 
7-10,  u 


Lcib. 


7^ 
7-3 

7-9 
8-0 
8-3 


CtoC 


S-O 

S-t,  1,  3 
8-4,  S.  6 
8-7.  8,  9 
8-10,  II 


H 
9-3 


^2 


I 

■ 

1 

P 

TABLE  106. 

^^^H 

^^B 

W 

Structural  Rivets, 

^^H 

^^H 

^^^^ 

AMERICAN  BRIDGE  COMPANY  STANDARD.                           ^^ 

^^ 

Weight 

IN  Pounds  per  100  Rivets  with  Button  Heads. 

■ 

1 

Diameter  of  Rivet, 

Iiiclie». 

Length 
Under 
Head. 
Incbcfl. 

Diameter  of  Rivet.  1oc1m». 

J 

j^ 

i 

1 

1 

i 

I 

H 

'» 

1 

i 

1 

i 

i 

I 

il 

li 

P 

5 

18 

33 

53 

78 

109 

146 

190 

252 

18 

34 

54 

80 

III 

"49 

193 

256 

■ 

6 

11 

19 

19 
20 

34 

35 
36 

ss 

56 

57 

82 

113 

US 

118 

1C2   tn? 

260 

7 
7 

13 
13 

83 

85 

*>* 

15s 
157 

-7f 

200 

265 
269 

T 

23 

35 

SO 

68 

91 

130 

204 

„7 

H 

24 

36 

52 

71 

95 

.34 

20 

36 

58 

86 

120 

160 

207 

273 

18 

15 

25 

37 

54 

74 

98 

139 

20 

37 

60 

88 

122 

163 

2n 

278 

8 

15 

26 

39 

S6 

77 

102 

143 

21 

38 

61 

89 

124 

166 

214 

282 

9 

i6 

27 

41 

58 

80 

los 

148 

6 

21 

38 

62 

91 

126 

169 

218 

287 

M 

9 

17 

28 

43 

60 

82 

109 

«5» 

22 

39 

63 

93 

128 

'71 

222 

291 

■ 

9 

l8 

29 

44 

62 

85 

112 

156 

22 

40 

64 

94 

130 

174 

22s 

295 

■ 

iio 

f8 

30 

46 

64 

88 

116 

161 

22 

40 

6S 

96 

152 

177 

229 

300 

■ 

lO 

19 

3» 

47 

67 

91 

119 

16S 

23 

41 

66 

97 

135 

180 

232 

304 

■ 

It 

20 

32 

49 

69 

93 

123 

.69 

23 

42 

67 

99 

"37 

182 

236 

308 

tl 

20 

34 

so 

71 

96 

126 

m 

24 

43 

68 

100 

139 

185 

239 

3"3 

If 

21 

3S 

52 

73 

99 

130 

178 

24 

43 

69 

102 

141 

188 

243 

317 

12 

22 

36 

54' 

75 

102 

133 

18* 

7 

24 

44 

70 

104 

143 

191 

246 

321 

IZ 

22 

37 

55 

77 

los 

137 

187 

25 

45 

71 

105 

145 

194 

250 

326 

. 

tj 

ij 

38 

57 

79 

107 

141 

.9. 

25 

45 

73 

107 

147 

196 

253 

330 

13 

24 

39 

S8 

81 

no 

144 

«9S 

26 

46 

74 

108 

149 

199 

257 

334 

13 

24 

40 

60 

84 

113 

148 

200 

26 

47 

75 

no 

152 

102 

260 

339 

H 

25 

41 

61 

86 

n6 

151 

»♦ 

26 

47 

76 

nt 

154 

205 

264 

343 

»4 

26 

42 

63 

88 

118 

155 

»8 

27 

4fi 

77 

113 

156 

207 

267 

347 

IS 

*7 

43 

64 

90 

121 

158 

2.3 

27 

49 

78 

"4 

158 

210 

271 

3S2 

15 

27 

44 

66 

92  j 

124 

162 

217 

8 

27; 

50 

79 

116 

160 

213 

274 

356 

IS 

28 

4S 

68 

94 

127 

16s 

221 

28 

SO 

80 

118 

162 

216 

278 

360 

16 

29 

47 

69 

96 

130 

169 

226 

28 

51 

81 

119 

164 

2J9 

281 

365 

16 

29 

+8 

7" 

98 

132 

172 

230 

29 

52 

82 

121 

166 

221 

28s 

369 

16 

30 

49 

72 

lOI 

»35 

176 

234 

29 

52 

83 

122 

169 

224 

288 

373 

17 

3t 

50 

74 

103 

138 

179 

239 

29 

53 

84 

124 

I7t 

227 

292 

378 

t7 

3« 

S> 

75 

105 

141 

183 

243 

30, 

54 

86 

125 

»73 

230 

295 

382 

B'" 

32 

52 

77 

t07 

H3 

166 

247 

30 

54 

87 

127 

175 

232 

299 

386 

^ 

■ 

Btlttoa  ] 

Reside. 

Diameter  of  Rfvcts*  Inches. 

1^ 

1   j 

i 

1 

f 

1 

t 

tl 

«*  : 

b-" 

ft  as  made  g 

in  rive 

'U,  Pc 

)unds . . . 

24 

50  1 

9-7 

I 

6.0 

24.0 

35-0  1 

490 

78.0 

p.d 

s  as  driven 

in  wo 

rk.  Pr 

>iinds  , 

1.7 

4.0 

7'5 

I 

2.? 

18.5 

17.0 

^7^^   ' 

?io 

_ 

k 

- 

223 

.-^ 

i 

TABLE  107. 
Lengths  of  Field  Rivets  and  Bolts  for  Beam  Framing. 


— t — 1^^ 1 

-f^xt  t:^a       I  j 

r  ^ -i 1 

^0  <Fi  jO  4*^ 

1  Hoi 

rn. 

Riv. 

24" 

20" 

18'' 

is" 

11" 

10"! 

9" 

6" 

7" 

6" 

s" 

4" 

5" 

Double. 
Riv.     BoH 

In-       In 

i 

li 

2i 

25 

O.ZS 

97S 

7-5 
8S 

u' 

** 

il' 

2i 

ai 

3S 

iS 

204 

1 7.5 

1475 

12.15 

9-5 

7.5 

Ji 

2l 

4^ 

J'rS 

^3 

17*5 

10,5 

il 

n 

ai 

8o 

6s 

S5 
60 

4S 
SO 
60 

35 

40 

JO 

35 

3S 
30 

2S 

30 

I47S 

*i 

ii 

ij 

8S 
90 

70 

75 
So 

85 

6S 
7S 
So 

Is^ 

4S 

3 

il 

li 

95 
100 

^5 

90 
95 

70 

70 

7S 
8d 

50 

40 

}1 

2? 

100 

90 

8S 

6s 

3f 

II 

^i 

90 

}1 

il    3* 

9S 
100 

1 

3i 

3 

2 

1 

IT 

30,S 
2S 

3=t 
40 

1375 

8,00 

6.50 

4.00 

2| 

II 

»5 

i3'2S 

97S 

2 

33 

40 

T5.00 

12.2? 
14.7s 

10.50 

9.00 

7.2s 

6.00 

n  1 

20 

» i;S::l 

1 1.50 

"Jl 

« 

as 

35 

13 

2! 

^S 

21.15 

17^15 
»9-75 

15,50 

=i 

t* 

+S 
qo_ 

55 

3 

ii. 

1          1 

' 

.1 

ii 

1 

all 

all 

all 

all    .    all 

all 

J     ,  i\ 

TOO 

aU 

all 

■t 

1 

It 

70 

41  to 

5? 

51.5 
15 



4 

40  to 
65 

i{ 

4 

65  10 
75 

Ho  to 
100 

60  10 
75 

1! 

T    -- 

1^0  to 
100 

3 

3l 

all 

='      .i 

All 

all_ 

all 

all 

all 

^%l 

20.5 
10 

ail 

all 

Bottom  An- 

Kle  -  r- 

ii 

£ 

1 

all 

35 
40 

»J 

^r 

20" 

18" 

IS''  1  la" 

10" 

9" 

8" 

7" 

6'' 

5" 

4" 

3" 

Riv.    Boll. 
Top  &  So(L 
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TABLE  108. 

Structural  Rivets. 

american  bridge  company  standard. 

Lengths  of  Field  Rivets  for  Various  Grips. 

Dimensions  in  Inches. 


*-<Jr%>,  1 


*«-Grip.  a-* 


ti — \n.  p3=:) 


U — -Lflngtt**'^*^ 


i*- -Leti^th •■       J^^—Lcngifc—- ^ 


) 


Grip  a. 


DJMMaeter. 


Giipb. 


Diuntter. 


:t 
:i 

2 

^1 

2} 

^1 

1> 

\\ 

:> 

4 
4 
4 
4 
4i 

i! 

si 

61 
6 
6 
6| 

6t 


2 

2 

;i 

I 

Jt 
4 

4t 

41 

:i 

I 

1 

li 

61 
61 
6- 

6; 

7 

rl 
?t 

71 

7l 

8 

8t 


*i 

ii 

3 
3 

3t 
3 


3i 

:i 

4t 

:i 
i> 

si 
si 

i 

61 

6 
6 
61 

?! 

7i 

7J 
S 

St 

8i 


ti 
li 

It 


I.' 
il 

z 
i| 

il 
zi 

2j 

it 
2} 

!| 
^1 
II 

3i 

♦ 
4i 

:! 
:l 

^i 

si 

5} 

I* 

6i 


il 

;l 

si 
li 

*J 

3 

l\ 

J  I 

31 
31 
31 

4 

4 

il 

^t 
sf 

i 

6 
6i 

6\ 


2t 
Zt 

li 

zl 

u 

^\ 

3i 

n 

ji 
ti 

4J 

:! 

4] 

li 

11 

^1 
si 

6 
6i 

6i 

tl 

61 
6i 

?l 

7i 


;! 

li 


•  I 

z 

2i 
Si 

^1 
^1 
*f 

^1 

3 

31: 

3 

3 

3 

3 

3 

31 

4i 

ii 

4l 

i 

1! 

6 
61 

6i 

6 
6 
6 
6 
7 
7l 

7i 


li 
Ii 
ti 

li 

•i 

z 

IJ 

li 

zi 
z 
z 
3 

3l 
3i 

1! 
il 

4 

ji 

4) 
4| 

:1 
\i 

if 

I 

6i 
6i 

61 
61 

6i 

6i 
7. 
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TABLE  109. 
Standards  foe  Rivets  and  Rivetinc. 


r^>| 


f9,>r^m 


7=W-7 


f  f  ' 


GA6ES 


Uf 


Bfffi 
9 


U^ 


9i 


2i 


H 


PR0PORTiON3  Of  RiVlT^ 

In  ih^hes 


of 
5ha/fk 


Oktmekr  Hff^ht    Radh' 


fuffMead 


Dismeff*  ikpfh 


^otmkfswtk 


I 
( 


^   I 


'i 


IL 
16 


'h 


/;! 


7  *'  y*      7 


/.I 


12 

04 


H 


19 
&4 


64 


2 
4 


/i 


IL 
64 


'k 


MfN/MUn 
mV£T5PACIN6 


5 


Ik 


H 


^ 


5iie0fRf¥ff/fii 
ffTches 


hchts 


7 
6 


3 

S 


h 


M 


3_ 

3 


11 
f0 


S4 


19 


Si 


/i 


I 


H 


1 

4 


H 


MfNfMUM  5TA66CR  FOR  Rl\/€T5 


.^®Xo" 


I 


/| 


5 


'k 


± 

4 


I 


BUTTON  5ET5 

- — ^^25 


J. . \- 


STANDARD 

CLEARANCE 

fORRfVETINQ 


li 


^k 


^i 


m  mche5 


T&r§Rr¥ft 


li 


'h 


'i 


li 


<h 


<l 


RfVSD  fN  CRmPED  l^ 


6     I 


fnehes 


>h 


li 


'/■? 


li 


'7i 


'i 


'i^ 


'k 


1^ 


'i 


h  trKhes 


fhrj^e^pr;^ 


o^*/^ 


'h 


§ 


7_ 
8 


3 

4 


9 


3 

e 


a^fj 


ih 


/i 


'h 


li 
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-^aiflfe 


^   1 


^^^^V                              Standakds  FO&  RrVETlNG. 

^^TftNCE  ^TOiOF  §m66EP£D  PiVETS. 

1 

^^H 

VfiLUES  OF X FOe  VQRYim  VQLUtS  OF P  fiND b.   ' 

W)LUf3 
\OFd 

I^ZZ/ifJ  OFfl 

7 

6 

J 

li 

/i 

4 

// 

li 

/i 

li 

2 

2k 

2k 

2§ 

2i 

\ 

1  6 
Jo 

0 

0  1 

1  0 

Ih 

/i 

4 

/J 

/I 

/i 

/i 

2 

2i 

2h 

2h 

2§ 

^h 

2§ 

2l 

/i 

/I 

H 

Hi 

/i 

/i 

^ 

2k 

2h 

2i 

2i 

2h 

2% 

2M 

2% 

/i 

/i 

fH 

/i 

/^^ 

/>i 

2 

2i 

2h 

2h 

2h 

2i 

2i 

2i 

2i 

/^ 

/i 

/f 

/i 

/i 

^ 

2i 

2h 

2h 

2i 

2i 

2i 

2§ 

2M 

2% 

/i 

vi 

li 

2 

?i 

^i 

2h 

2k 

2i 

2{ 

2h 

2ii 

\2i 

2i 

3 

/i 
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i 

.ao 

'^S 

.30 

.36 

41 

46 

41 

.56 

.61 

.66 

.71 

76 

.8t 

.86 

.91 

.22 

^27 

43 

48 

44 

49 

4S 

.60 

.66 

7t 

77 

,S2 

.88 

-93 

.98 

« 

,23 

.%9 

'3S 

41 

47 

43 

49 

.64 

.70 

.76 

.82 

.88 

'94 

IXX) 

i^S 

*4S 

-31 

48 

'■$ 

,50 

46 

^63 

.69 

75 

.at 

.88 

'94 

t.00 

14:16 

1.13 

t 

.27 

*33 

.40 

'^ 

.60 

.66 

73 

.8q 

.86 

•93 

1.00 

K06 

1.13 

1.20 

,s8 

*35 

,+a 

49 

*S6 

M3 

.70 

77 

.84 

.91 

.98 

i^os 

KI3 

t.20 

1.27 

ift 

30  1 

37 

45 

42 

-S9 

.67 

.74 

.82 

.89 

0 

1.04 

1.11 

1.19, 

1.26 

1.34 

li 

31 

-39 

47 

-ss 

.63 

-70 

78 

.86 

.94 

1.02 

1.09 

1.17 

i'*S 

143 

MI 

'w 

•33 

41 

49 

^p 

.66 

74 

.82 

.90 

.98 

1.07 

I.15 

1,23 

1.31 

149 

148 

If 

:» 

43 

,St 

,6d 

.69 

77 

,86 

-95 

1.03 

1.12 

1.20 

1.29 

1-38 

t46 

145 

ift 

45 

54 

.63 

.72 

.Hi 

.90 

99 

1.08 

I.I7 

1.26 

14J 

144 

143 

1.62 

li 

.38 

47 

*S6 

.66 

75 

.S4 

"94 

i.t>3 

1-13 

1.22 

141 

141 

I.JO 

!:il 

1.69 

lA 

'39 

49 

■59 

.6« 

78 

.88 

.98;  1.07 

1.17 

1.27 

1-37 

1.46 

146 

1.76  ^ 

if 

41 

^51, 

.61 

7^ 

.Hi 

91 

1. 03, 1- 12 

1.22 

1.32 

1.42 

1.52 

1,63 

i-71 

1.83, 

iti 

'43 

53 

-63 

.74 

.1*4' 

-95 

1.05 

1.16 

1.27 

i47 

J  47 

t^S^ 

1-69 1 

179 

1.90 

*44 

■SS 

,66 

77 

.88 

.98 

I^ 

t.20 

141 

142 

143 

1.64 

175 

1.86 

1-971 

iH 

4S 

^S7 

,6ti 

79 

,91 

1.02 

1.13;  1, 2S 

I4*> 

147 

159 

1.70 

i.B[ 

1-93 

2.04 

III      ! 

47 

-59 

.70 

,82 

^94 

I. OS 

1.171  i.i9 

I4t!l4^ 

\iM 

1.76 

1,88 

199 

2.11  1 

4« 

.61 

*73 

^S5 

-97 

1,09 

1^21  I  31 

145,147 

1.70 

1.82 

1.94    206 

Z.tE- 

'5° 

■63 

7S 

M 

I.CX> 

I.I3 

1.25  1.38 

I.SQ    1,63 

175 

1.88 

2,00    2.13  |2.3S  . 

Majuicum  RivffT  IN  Leg  or  Amgi-is  om  Flance  < 

>F  Beams  anh  Coakkib^. 

Leg  of  A( 
Max.  Riv 

et 

I    i 

*  1 

1  -i 

■1 

1 

2 
1 

•il 

'. 

si 

1 

1  i  f 

Depth  of 

Beam 

1' 

1  r 

<> 

6 

7 

8 

1 

10 

12 

i 

lE 

J     20  ,  24 

Max.  Riv 

ct 

Jl. 

i 

i 

f 

10 
i 

! 

i 

1       i 

J  i 

Depth  of  Channel 
Max.  Rivet 

12 
1 

15 

■ 

Rivet  Spaong  ik  Inches. 

Mmimum  Hick 

Max.  Fitch  In  USA  of  Stinm. 

Mia.  Edae  Diit        | 

Sbeof 

Rivet, 

AUinred. 

Ftciem^i 

AtEndiof 

Comp.MeiD, 

Brldsn. 

Bl 

d'gi. 

Sbcmd. 

Rolkd. 

'' 

1 

1} 

2 

4 

^Uh 

6 

1        ' 

I 

: 

ft 
rr 

[ft 

1 
3 

; 

a 
3 

1| 

4} 
1 

I 

I  ; 
I 

1 

I! 

1^ 


TABLE  117. 

Old  Standard  Connections  for  Beams  and  Channels. 

American  Bridge  Company, 


5ize    TWOAMGLtCOhNECTlOMS 


OME  ANGLE  CONNECIIONS 


?4 


i5V 


Weiqht  56  pounds 


TiV— |-P^ 


;44 


L-ii— » <ta 


M 


Weiqht  50  pounds 


im     M 


eMx4xf;i|-2f 
W€jqht50pouncb 


I L  6x6x^x1-?! 
WeiqhtES  pounds 


15 


^ 


.  ^'  JM  w . « " 


^ 


Jili: 


^'  Weiqht  27pound5 


n5»....,te5 


r  T1 


STviLe'xeU'xio' 

^^  Weiqht  ITpounds 


:li;U: 


IE 


i:i; 


2l5  6x4'iixTi' 
Weiqht  20  pounds 


J&T     TT       WeiqhtlJpounds 

M    m. 


10 
9' 
8' 
7* 


*   j"    7  *  t-' 


Zl!6x4xf6x5 


SlU'-HII 

j-?;:^;        ':  ■,.'     '  Weight  Upotinds 


m    M  ^0    .ti 


n^T^i 


m\    M 


IL6x6xiix5 
Weiqht9paimd5 


6 
5' 
4' 
3' 


m 


m  4i^3 


ei!6x4x^ier 

Weiqht  7  pounds 
Weiqht  6  pounds 


6&b 


IL6x6Af()»?[ 
Weight  5  pounds 
Itoxoxr^xL 
lteiqht4pound5 


Weiqhts  of  connections  intlode  qross  weights  of  anqles  and  weiqhtsof  |  shop  riveti 
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TABLE  118. 
New  Standard  Connections  for  Beams  and  Channels.    American  Bridge  Cou?a 


2df  18"' 


lyS  ^^\yS  12^  -     -       Rivets  and  bdlts-J^^diam. 


tT  er  ^" 

5%^       2'/^2y/ 


S AbcIm  4(x 4^«^e'<  <^-^'>^    SAodM  Cl ^x^  1^-8^    2 AakIm «'x4x^x  fi'-h\i    2 Anirlaa«'x  4x%'x  O-s" 


Limiting  Values  of  Beam  Connections. 


I  Beams. 


Depth. 
Inches. 


Weight. 

Lb.  Per 

Foot. 


Value  of  Web 
Connection. 


Shop  Rivets 
in  Enclosed 

Bearing. 

Pounds. 


Values  of  Outstanding  Legs  of  Connection  Angles. 


Field  Rivets. 


%"  Rivets  or  i  Min.  Allow- 
Tumed  Bolts,  i  able  Span  in 
Single  Shear.  Feet. 


Pounds. 


Uniform  Load. 


t. 
In. 


Field  Bolts. 


H"  Rough 

BolU.  Single 

Shear,  Pounds. 


Min.  Allow, 
able  Span  in 

Feet, 
Uniform  Load 


27 
24 

24 
21 

20 

i8 
i8 
15 
15 

12 
12 
10 
10 
9 

8 

8 

7 
6 

5 


83 
8o 

69J 

57i 
65 

^1 

42 
36 

31J 

27i 

25 
22 
21 
18 
I7i 

\'a 

92 


66,800 
67,500 

52,700 

40,200 
45,000 

41,400 

29,000 

36,900 

26,000 
23.600 
17,200 
27,900 
20900 
26.100 

24300 

18,900 
11,300 
10.400 

9.500 


61,900 

53,000 

S3,ooo 
44,200 

35300 
35^300 
35»30o 
35,300 
35^300 
26,500 
26,500 
17,700 
17,700 
17.700 
17,700 
17,700 
8,800 
8,800 
8,800 


18.4 

17-5 
16.3 

155 
17.6 

13-3 
15.0 

8.9 
II. I 

8.1 
10.3 

74 
6.9 
5-7 
4-3 
4.4 
6.2 

4-4 
2.9 


49,500 
42,400 
42,400 
35»300 
28,300 
28,300 
28,300 
28.300 
28,300 
21,200 
21,200 
14,100 
14.100 
14,100 
14,100 
14.100 
7,100 
7,100 
7,100 


23.1 

21.9 

20.2 

17.6 

22.1 

16.7 

154 

II. I 

II. I 

9.0 

10.3 

9.2 

8.6 

71 

54 

5-5 

7.8 

5-5 
3.6 


Allowable  U.nit  Stress  in  Pounds  Per  Square  Inch. 


' Rivets Shop  1 2,000 

Single     Rivets  and  Turned  Bolts  .Field  10,000 
Shear      Rough  Bolts Field    8,000 


Bearing 


Rivets — enclosed Shop  3 

1  Rivets — one  side Shop  2 

i Rivets  and  Turned  Bolts  .  .  .Field  2 
Rough  Bolts Field  i 


t  =  Web  thickness,  in  bearing,  to  develop  max.  allowable  reactions,  when  beams  frz 
opposite. 

Connections  are  figured  for  bearing  and  shear  (no  moment  considered). 
The  above  values  agree  with  tests  made  on  beams  under  ordinary  conditions  of  us* 
Where  web  is  enclosed  between  connection  angles  (enclosed  bearing),  values  are  grea 
because  of  the  increased  efficiency  due  to  friction  and  grip. 

Special  connections  shall  be  used  when  any  of  the  limiting  conditions  given  above 
exceeded — such  as  end  reacUotv  irom  \oaAed  Vi^m  being  greater  than  value  of  connccti 
shorter  span  with  beam  f  uWy  \oaded\  ot  ^  \tsa  \>n:\Oft.iv^^  oV  >i^>a  viV^iii  maximum  allowa 

reactions  are  used. 

■ ' m"" 


i^>fe55-'l/^* 


TABLE  119. 

Standard  Beveled  Beam  Connections, 
American  Bridge  Company. 

BeV£L£D  B£AM  C0NNECTi(»i5  -  RiVET  5mCiN6  cF  ClBARANCES 

S'^cr/ess^  \\  //  W=j  or  less,  use  Standdtd 

con/iection  snghs  (bent)- 

W'^^  tof^,  use  Spec/a/ 
connection  an^ks  (bent)- 


fcr  large  <^up/kation  modiTy  these  detai/s  where  necessary  ta 
permt  machine  riveting  -     Table  covers  piates  t/pto-^  thick  • 


Omit  cut  P  where 
or  less 


fa'3%i2ji 
Xc^^^orie 
\F^5*'or/e 


fess' 
'or /ess ' 


a 

b 

Max- 
e 

Max- 
w 

1 

D 

e 

H 

Length  oF  Bent  Plates 

I 

P          1 

P> 

P* 

Pi 

P* 

F^  Up  to  5 

^'3^4 

/' 

/?' 

r 

//' 

n' 

/' 

/i" 

li" 

2 

12 

4 

n 

H 

See  notes skoi/V' 

li 

1^ 

li 

3 

12 

£ 

li 

2i 

li 

2 

2k 

4 

12 

5 

li 

3i 

H" 

2i' 

10" 

llf 

10" 

12" 

i 

2i 

2i    1 

5 

12 

s 

If 

4 

4 

3 

II 

IBi 

lOi 

12 

li 

?i 

3 

6 

12 

^ 

/i 

4i 

4i 

3 

12 

I3i 

II 

12 

fi 

i-l 

3k 

7 

12 

% 

// 

5 

5 

3i 

I2i 

14 i 

Hi 

12 

Ik 

3 

3i 

8 

12 

% 

^'. 

Si 

5i 

3i 

15 

I3i 

12 

/2 

/I 

3k 

4 

$ 

12 

% 

n 

3i 

12 

/I 

3i 

4i 

10 

12 

% 

li 

5i 

I2i 

z 

4 

5 

II 

12 

% 

Is 

5i 

I2i 

2 

4i 

Si 

12 

12 

% 

li 

3| 

IH 

H 

4i 

Si 

12 

II 

i 

i 

^i 

12 

Ik 

H 

Si 

12 

10 

i 

i 

3 

12 

/i 

B 

6 

12 

$ 

i 

i 

3 

12 

li 

Si 

6i 

12 

8 

i 

i 

3i 

12 

/i 

6 

7i 

12 

7 

i 

i 

3i 

I2i 

2 

6i 

Si 

12 

6 

i 

i 

3i 

I2i 

2i\ 

li 

10 

12 

S 

i 

i 

4 

13 

zi 

9 

Hi 

12 

4 

i 

i 

4i 

I3i 

3i 

II 

14 
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TABLE  120. 

Standakd  Sway  Rod  and  Lateral  Connections. 

American  Bridge  Company. 

Smy  Rod  Connections- 
/?'    I 

/?'      "*- 

Ki}Forupsetrods&rodswerffr»onJ  use  clevises 
"St  3puiFy  hexagonal  nuts  on  all  sway  rods-     /JJ 


—■Max-3f 


\:/2' 


Bolts  csn  haye  hexagonal  or  s^u9n  heads  or  nats\  -^'  ^^^^ 
Ho/e  fbr  rod  punched  ^  "larger  than  rod'  *  v' 

Rod^  round  (hot  upset).  Bolts  forf'/ound-     Rod  I  "round (not  upse^.  Bolts  ^  or frot/A^d- 
Rod-^  "round  (not  upset) y  Bolts  ^''or§  round'    Rod  Ij  round  (not  upset),  Bo/ts  ^"rourrc^ 


A 

B 

Size  of  Angle 

6 

R 

12' 
6' to  12' 

6'bol2' 
12' 

eW'i'S'long 
6''4'4;5lo^ 

3f 

IV 

A 

5 

Size  of  Angle 

6 

R 

12' 
6'tol2' 

6'tol2' 
12' 

eW'^f.ei'long 
8'»4<i',6ihng 

4' 

i1 

2" 

Beveled  Washers,  Cast  Iron- 


12" 


^-4^ 


i^i-sM 


;  KK 


Sketch  3- 

(4 
^^  1 

-» — MJ        X        -*.    »* 

1'   ' 


Slot 


Sketch 

Round 
Rod 

Upitt 

A 

8 

C 

D 

E 

F 

s 

H 

L 

R 

X 

K 

SizesfSbL 
in  Plate 

^ 

A 
A 
B 
3 

7" 

None 
None 

/ 

3' 

9^ 

m 

M 

r' 
i 
r 
J 

3 

5" 

1 

f 

Ik 
li 

6 

2 
2 

4' 
S 

4i 
6 

f 

IS  j 
2-sj 

ll" 


For  rods  above  Jj  d/am-  use  chvis  connections* 


*2a^ 


TABLE   121. 

Standaid  Lateral  Connections  for  Highway  Bridges. 
American  Bridge  Coupany. 

SkeWBACK  >?'/  Weight  6^8  lbs* 

&<ewbdck  A  for  rods  up  to  /^  round 
or  /i  square  (upset  to  /§  ** round)  ; 

For  upsets  /j  diam-  or  /ess,  angle 
of  rod  may  vary  from  32  V/^  V/?  IZ*") 
to60Ut2''ln6^")^ 

for  upsets  greater  than  /j  d/am*  up 
to  I  J  d/am*i  angle  of  rod  may  vary  from 
41  i  YlOi  %  IB  ")  to  60  r/?  'in  6f)  • 

Standard  slot  in  beam  3j  >f  <y^. 


Skewback*B*1  Weight  17  Ibs^ 


Skewback  B  for  rods  l^  round 
orlg  'square  (upset  tol^^^roune^; 


[li  '* round  (upset  to  I  §  round)  or 
Uoijs^ 
\lj^ 


^     \li^  %quare  (upset  to  2  "round*) 
For  upsets  l§  diam-  or  less » 


^^•Vfi''^^--,  angle  of  rod  may  vary  from  33  § 


(S %  12")  to  60r/2''in SfJ- 

for  upsets  greater  than  l^  "diam  • 
up  to  2  %am  %  angle  of  rod  may  vary  from 
58^(3^" in  12")  to  eo'(l2%6iy 
Standard  slot  in  beam  4^  ^Bj'' 

3HEWdACK*c7  Weight  23  lbs 

Skewback  C  for  rods  /J  round  or 
ih  square  (upset  to  2  "round); 

\li  square  (upset  to  2^  round) 
^li"  7*^  ?"    di** '  dV^     7^*"  Angle  of  rod  may  vary  from 

r.^.;^  -f^     ^*r  "  %  ^*  40 z  (10^  ml2 )to64j  (12  mSfJ 

Ls         '^  Ar^.:  .o"V^*      forallrods^ 

Standard  slot  In  beam  4^  ^6i 
Wimre  upset  ernf  of  rod  is  grea^r 
than 2 J  diam*,  hole  in  washer  will 
CI '  of  web^        ^Radius  *4i"       be  drilled  to  fit  upset  - 


upi 


TABLE  122. 

Stamoakd  Lateral  Connections  and  Stub  Ends. 

Amekican  Bkiogb  Company. 


U  Plate  A,  Weight  3'S/bs' 
/vr  rods  up  to  ^'s^uare  orlji  nunefCupsetto/fV 
Pfate  5'"^'"^  II' long- 


1/ Plate  B,  might  8-6  lbs- 
Ru.  ^^'^^"^  orlgnandftj>stttot0 
^"^[vtclfsr>»^l§%^(^t>Z^ 


I 
1-. 


4 


4 


i  4i'  r>4^' 


r- 


-I— r 


mm 


Stub  End  N'h 
might  4-3 lbs- 
Plate  2^'" f',7i' long. 
Holes  ^' (flam ' 


7^  I  It 

"g  round,  7f  long 
2  Hex- Nuts 


J  Tap- 


Washek  Washer 

Weight  0-5  lbs-  Vik^t  I  lb 

Plate  b'xf'Si'  meH''k'-if 

Max- hole  li'  ^Naxhok2f 


4: 


'C'i*. 


n- 
+ 
4- 


Stub  End  N^-  2-      Stub  End  N^3 
Weight  3-5  Ibs^        Weight  5-5  lbs- 
Plate  2''^£  Ti'/ong^  Phte2''''£7i'hf9' 
Holes  ^'diairi'       .    H(Jes^diam- 


Coop£R  Hitch 


m 


cs^ 


SruB£NDlP4 
iVe^t5-2lla- 

Plate  4H'M''»9' 

rrr  I* 


i._ 


J  round,  7j  long   j  round,  7j  long  i  reund,8'lom 
2 Hex- Nuts- f  Tap-  2HexNuts-i'7ip-  2HexNtttsi% 


240 


TABLE    123. 

Standard  Lag  Screws,  Hook  Bolts  and  Washers. 
Aebrican  Bridge  Company, 


Lag  Screws 


ymssmm> 

Pixmter 


Oiam 


r 


Mm- 
Ltngth 


/i' 

Ji 

/i 

H 

2 

2 

2i 

i 

H 

5 
6 

8 


Max 

Le/igtb 


Ho-Thrtad 
per  inch 


6" 

6 

% 

W 
12 
12 
12 
!2 
12 
12 
12 
12 


5 

4 
3 


LeigtheFlag 

Screw  &  Head 


length  LenM 
efScmef/fead 


2 

2i 

5 

4 

4i 

5 

€ 
7 
8 
9 
10 
II 
12 


I 

Z 

zi 
zi 
H 

5 

4i 
4i 
3 
5 
5 


tkads  are  the  same  as  fvrs<jugre  htad  bolts 
Threa(fed portion  is  not  taperet/ exeptatpomt 


B£AM  Clamp 

f  Cored  Nok 


Ql* 


'A'.  A  : 

1  B    \ 
C  - — *•  2\ 


I*  '»  Size 

Jr.; 


r!*E^ 


^D  Jk\E 


Dimensions  <fClmp 


18' 

IS 

12 

9m 

7SS 
5&6 


{■4 
^4 


B 


might 

in  lbs 


0-4 
04 
0-4 
0-4 
0-4 
Oi 


06££    WASHEHS 


i'< 


"     Recess  /tx- nail  lock-     ^'^^ 


Size 
Bolt 


i' 
'a 

4 

r 
I 


Dimensions  oF  Wsslier 


A    B    €    D    £  P    r 


f3M 


4 

I 


7i^ 

^4 


H 


Weight 
in  Pounds 


0-4 
0-7 
1-0 


5K£WBACK  WA5H£I?5 


Used 
With 


Dimensions  of  Wds/iers 


M 


H' 


i" 


// 


4' 
4i 


li 


2 

2i 


/r 


w 


A' 

4 

i 

I 


/ 
/ 


31 


4r 

4§ 


might 
In  Pounds 


1-2 
1-8 
2B 


2-7 

5-0 
i-9 


ffooK  Bolts,  f  'or}  'Square^ 


iengthrl-y--^'^^ 


1  ir 

in  tilling  Hook  Bolts  ^ive  iffmnsmsA, 
56 L;  ai/Mer  dimensms  BPi  standkd 
Uniess  otherwise  speafied,  'S '  V/// 
bem^e  ^^^-  /fex-  nuts  furnisifed' 


CAsr/mf  Cup  Washers^  £" 


¥'^'Wt'/'$/bs 


2/kl 


TABLE  116. 
Areas  to  be  Deducted  for  Rivet  Holes,  Maximum  Rivets,  and  Rivet  Spac 


1        AHEAS  ai  $QUAa£   IKCUES*   TO    ll£   Di3>UCTEIl    VWOm   HiVETED   PLATSS  Olt    SOJU^IES   TO  OBTAIN  NWT  A 

Vl&s: 

Dkmeter  of  liote  im  Inchei  (EMam.  of  Rivet  +  i*^. 

Incbeft. 

i 

A 
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TABLE  117. 

Old  Standard  Connections  for  Beams  and  Channels. 

American  Bridge  Comfany. 


Size 


TWOAnOLECOMNECTlonS 


OME  ANGLE  CONNCCTIOMS 


24 


Weiqht56pod5 


M 


IL6x6xi^xh5z 
Weiqht  50  pounds 


10 
18 


^!f^-*rft 


\^: 


2l!4j4'if6xRf 
Weiqht  30  pounds 


M 


lL6x6x^"xl-tr 
Weiqht  Expounds 


iljii       ?t»! 


15 


5e: 


3 


*  "    *  "  T  "    ,^ff 


1.^.  21^4x4x4x10 
■J 
'^  Weiqht  27pound5 


tf   ,ti  f0   ,^Jf 


t  mi  7^ : 


lia 


Ml       M 


S;iL6x6;p!0' 


^'  Welqhl  ITpounds 


\l 


w 


^ 


c!l5  6x4xi6x7f 
Weiqht  EO  pounds 


i:J, 


Jl?ii      ai 


Wetqhtl3pund9 


10 


nr^'^m 


•M 


itu 


Weiqht  1 4pour>ds 


iai 


116x6x76x5* 
Weiqht  9  pounds 


6 
5' 
4' 
3' 


Wetqbnpoiinds 
ZliekxAxt" 
Weiqht  6  pounds 


im 


IL6x6xi6X?E 

Wetqht  5  pounds 
ILoxoxr^xc 
Weiqht  dpounds 


Weiqhts  of  connetbons  lactude  qro55  weiqhbof  anqla  and  weiqhbof  4  shop  rivets 
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TABLE  118. 
New  Standard  Connections  for  Beams  and  Channels.    American  Bridge  Compa 


20f  1^ 


22^  Rivets  and  bolts-^' 'dianu 

10>     ^f  ^  ^  rff   off    cf 

-^       ^'"  5%:     2V^2y/ 


SABsks^lt^x^^eU'uV?     tAadM^x^x^o'^V^    2Aj)cles«''x4x9£xO'6lf    2  Anjrl««''x  4^^x0-3 


Limiting  Values  of  Beam  Connections. 


I  Beams. 


Depth, 
Inches. 


Weight. 

Lb.  Per 

Foot. 


Value  of  Web 
Connection. 


Shop  RiveU 

in  Enclosed 

Bearing, 

Pounds. 


Values  of  Outstanding  Legs  of  Connection  Angles. 


Field  Rivets. 


H"  Rivets  or  Min.  Allow- 
Tumed  Bolts,  able  Span  in 
Single  Shear.  |  Feet, 

Pounds.         Uniform  Load. 


Field  BolU. 


H"  Rough 

Bolts.  Single 

Shear,  Pounds. 


Min.  Allow- 
able Span  in 

Feet. 
Uniform  Load. 


27 
24 

24 
21 

20 

i8 
i8 
15 
15 

12 
12 
lO 
10 
9 

8 

8 

7 
6 


83 

8o 

69i 

57i 

65 

^1 

42 
36 

31} 

27i 

25 
22 
21 
18 
I7i 

Ml 

95 


66,800 
67,500 
52.700 

40,200 
45,000 

41400 

29,000 
36,900 
26,000 
23,600 
17,200 

27,900 

20900 
26.100 
24.300 
18.900 
11,300 
10.400 

9,500 


61,900 
53.000 
53,000 

44,200 

35,300 
35.300 
35,300 
35,300 
35.300 

26,500 
26,500 

17,700 
17,700 

17.700 

17,700 

17,700 

8,800 

8,800 

8,800 


18.4 

17.5 
16.3 

15.5 

17.6 

13.3 

15.0 

8.9 

II. I 

8.1 
10.3 

74 
6.9 
5.7 
4-3 
4-4 
6.2 

4-4 
2.9 


49,500 
42,400 
42,400 
35.300 
28,300 
28.300 
28,300 
28.300 
28,300 
21,200 
21,200 
14,100 
14.100 
14,100 
14,100 
14.100 
7.100 
7,100 
7,100 


23.1 

21.9 

20.2 

17.6 

22.1 

16.7 

154 

II. I 

II. I 

9.0 

10.3 

9.2 

8.6 

7.1 

54 

5-5 

7.8 

5-5 
3.6 


Allowable  Unit  Stress  in  Pounds  Per  Square  Inch. 


Single 
Shear 


Rivets Shop  12,000 

Rivets  and  Turned  Bolts  .Field  10,000 
Rough  Bolts Field    8,000 


Bearing 


Rivets — enclosed Shop  3c 

Rivets — one  side Shop  24 

I  Rivets  and  Turned  Bolts  .  .  .Field  2C 
iRough  Bolts Field  16 


t  =  Web  thickness,  in  bearing,  to  develop  max.  allowable  reactions,  when  beams  frai 
opposite. 

Connections  are  figured  for  bearing  and  shear  (no  moment  considered). 
The  above  values  agree  with  tests  made  on  beams  under  ordinary  conditions  of  use. 
Where  web  is  enclosed  between  connection  angles  (enclosed  bearing),  values  are  great 
because  of  the  increased  efficiency  due  to  friction  and  grip. 

Special  connections  shall  be  used  when  any  of  the  limiting  conditions  given  above  a 
exceeded — such  as  end  reactiotv  irom  Vo^Aied  VseaTO.  being  greater  than  value  of  connectio 
shorter  span  with  beam  (uWy  \oaded\  ox  ^  \csa  \}cv\0&xtfss&  ^aV  ^^  ^Vik&ti  maximum  allowafc 

reactions  are  used.  ____«__«««_«__«-_«^_«« 

"m 


TABLE   119, 

Standard  Beveled  Beam  Connections* 
American  Bridge  Company, 

Beveled  Beam  CmfiEcrms  -  R!\^£t  SPAcim  &  Clearances 


3'or/ess'^  ^/^* 


W^j  or  ks5,  use  StBudard 
c&ni^ection  angles  (kent)- 

W-^  ta/^,  use  Special 
cmnection  angles  (bent)* 


for  large  duplication  modify  these  details  t^here  necessary  to 
permit  machine  riveting-     Table  covers  plates  uptoj  thick  • 


Omit  cut  P  where 
or  less 
less' 
kss* 


fa^3  inl^jC 
<c'^  or  lei 

yF^y^iet 


9 

b 

Max- 

c 

Max- 
w 

D 

E 

H 

LengthoF Bene  Plates 

/ 

P          1 

P' 

A 

Pi 

/v 

F'upi^S 

'F-3'co4 

/' 

//' 

r 

li' 

^r 

/' 

li" 

li" 

? 

12 

4 

'i 

H 

3* 

te  notes  show- 

li 

li 

li 

5 

12 

« 

li 

2% 

li 

2 

2i 

4 

12 

4 

li 

a 

Si" 

2r 

10" 

Hi" 

10" 

12" 

li 

zi 

2k 

5 

12 

£ 

/i 

4 

4 

3 

// 

I2i 

lOi 

12 

/? 

2i 

3     ' 

6 

f2 

£ 

// 

H 

\4i 

3 

12 

I3i 

11 

12 

li 

-?! 

^4 

7 

12 

s 

li 

5 

5 

34 

I2i 

I4i 

Hi 

12 

li 

3 

a 

S 

/2 

;! 

'i 

Si 

5i 

ii 

13 

IBi 

12 

/<? 

li 

H 

4 

$ 

12 

S 

li 

3/ 

12 

li 

3i 

4i 

fO 

12 

S 

li 

3i 

I2i 

2 

4 

5 

// 

12 

i 

li 

5i 

I2i 

2 

4i 

H 

/2 

12 

& 

li 

il 

I2i 

2i 

4i 

H 

(2 

// 

/ 

i 

2i 

12 

li 

4i 

si 

// 

10 

i 

i 

3 

12 

/i 

5 

6 

/i> 

$ 

i 

i 

3 

/2 

li 

H 

ei 

12 

8 

i 

^*\ 

12 

li 

6 

^i 

12 

7 

i 

i 

3i 

I2i 

2 

6i 

Si 

12 

6 

i 

i 

^i 

I2i 

2i 

H 

10 

/2 

5 

i 

i 

4 

13 

2i 

9 

Hi 

'^ 

4 

i 

/ 

4i 

/3i 

H 

II 

14 

237 


TABLE  120. 

Standasd  Sway  Rod  and  Lateral  CoMNBcnoNS. 

Ambucan  Bsidgb  C^ompany. 


Smy  Rm  CdNNtcnoNS* 


*-Mix-3i'  '-}^ 


:/fM'4i' 


'6' 

•V  Specify  hexagonal  nuts  on  all  sway  ro<b'    4*V^^^^/ ^-*$' 
Bolts  can  ha\^ hexagon^ or sfuaro  headk  or  nuts-:  -  *^'^^^ 


Hole  /br  rod  punched  ^'' larger  than  rod* 
f  "round  (not  upset).  Bolts  f'orfroand^     Ihd  l'round(notup5e^,Boltsf'orjn>und 
'^'' round  (not  upset)j  Bolts  ^'orf'/wnd   IM  ti" round  (not  u/^et),  dolts  ^"round 
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SiuofAngk 
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6'tolf 
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TABLE   121. 

Standard  Lateral  Conkections  for  Highway  Bridges. 

American  Bridge  Company. 

Skewback  a"  Weight  6^8 Ibs^ 

tr  3*  fit 

t..  y         5ke*vhac/cA  Far  rods  up  to  l^  round 
'"  i     or  i^  S(^u3re  (upset  to  /§■  ** round)  ; 

For  upsets  /g  diam*  or  less,  dngfe 
oF  rod  may  vary  From  52  ^(7^  "in  /?  7 
to60'02"in6jl"j' 

For  upsets  greater  than  /$  diam-  up 
to  l§  dram-f  angle  oF  rod  may  vary  From 
4/i  Y/Oi "in  12")  to  60'(l2''m  6^') • 
Standard  sht  in  beam  3j  ^S"- 


-^^ 

O" 

1:0 

'1  ;    _  -_.^    _. 

X 

>- 

.3??± 


iw^ It  il     iz  Jilt 


C'L  oFweb' 


^/fdd/us'=5i 


SH£WBACm'b'!  Weight  17 lbs ^ 


:^l 

:0. 

1 

//* 


5kewback  B  For  rods  /jr  round 
oris  square  (upset  to  I ^^' round); 


\Ij 'round  (upset  to /i* round)  or 


^i 


'Ji'2'2'   4i"  :  4f.    2'/i' 


\l§^sqi/are (upset  to 2** round*) 
For  upsets  l§  'diam'  or  less , 


^^  angle  oF rod  may  vary  From  33  § 
>^"-     (8''int2') to  60V2"in <?,f  > 
For  upsets  greater  than  Ij  Viam 


^--.-■4^ 


C'LoFwVb^'      "'Radius '4i' 


up  to  2  diam ',  angle  oF rod  may  vary  From 
38§ '(3^" in  12") to  60 '(12% 6^> 
Standard s/ot  in  beam  4^  "Sjt  ' 


•->^i 

^^' 
»'*i 
-«:•{. 


-f- 


o: 


Ol  *  oF  W€b^         ^Radius  -  4i 


5HEWBACK  C,  Weight  25  lbs  ^ 

a^.^^  ^__^         Skewback  C  For  rods  l-jg  round  or 
!      "SJ*"       ^^  square  (upset  to  2 ''round); 

,  fl^  round  (upset  to  2j  round)  or 
^     Y^  "^square  (upset  to  2^  "round) 

Angle  oF rod  may  vary  From 
40fC/0fini2''Jto64i'(f2''inS^'J 
For  all  rods ' 

5t3ndardslot  in  beam  4^*'^6i'^ 

Where  upset  end  oF rod  is  greyer 
than  2 J  diam*,  hole  in  washer  will 
be  drilled  to  Fit  upset- 


44'^ 


h 
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TABLE  122. 

Standard  Lateral  Connections  and  Stub  Ends. 

American  Bridge  Company. 


U  Plate  A,  Weight  3'S  Ibs^  U Plate  B,  m/pht  8-6 lbs* 


\^to/jstesntr^nao^(iftittB^ 


Vi 


4' 

Washer 
Weight  OS  lbs- 
Plate  i'^O'^ii' 
Max'hohli' 


Stub  End  A^^A 

might  4-5  lbs ' 

Plate  zV'^f.vVlong^ 
Holes  j^'dlam* 


CPD 


mM 


J  round,  7?  long 

1   7&/>- 


■^.( 


Washex 
Weight  I  lb 
filaUS^H'''ii 
Maxhok2i 


^t- 


''iM 


Wm'i0^  »,. 


Stub  End  N^  2- 
Weight  5-5  lbs* 


Stub  End  N^'J^- 
Weight  3-5  lbs- 
Plate  2''^£  7i%ng^  PhteZ'^i'Ti'/oy^ 
Holes  j^'dlam-       ,  ^  Htdes^dlam* 


Cooper  HntH 


4i 


/» 


I'  1" 


[S 


/ 

■<-H»-H 

^•f 

^  i- 

1 

Stub  End  fP4 
Weight  i2  lbs- 


Plate  4 -4,^  Off- 


2Mex'Nuts- 


J  round,  7j  long   j  round,  7?  long  /  round,  8'lm 
2 Hex- Nuts- j' Tap-  2HexNutsi7ap-  ZlkxHutsi% 


Ifis 


TABLE   123. 

Standard  Lag  Schews,  Hook  Bolts  and  Washers. 

Aeerjcax  Bridge  Company. 


La$  Screws 


Length 


I      Diameter 


Mm- 

Max- 

Ho-Thread 

Length 

Length 

perinch 

fi' 

6" 

H 

e 

H 

8 

li 

io 

2 

/2 

Z 

12 

5 

?i 

12 

4 

3 

12 

i 

3i 

12 

S 

12 

€ 

12 

8 

12 

Length  of  Lag 
Screw  S  Mead 


Length 


^Senew^mdii 


lV 

2 
2i 

5 

H 
4 
4i 
5 

Si 

6 

7 

8 

9 

10 

11 

12 


Length 


2 

H 
li 
H 

3 

H 

H 

H 

5 
5 


Xfs  are  the  ssme  as  Rr  square  head  bolts 
)pded portion  is  not  tapered  e«^  at ptiat 


Beam  Clamp 

f  Cored Nok 

Size  DimensionsoFCknip  Weight 


:i-ti 


B 

C  ** — * 


^D  'Jk\£ 


5 


i^i 


Beam 


J8' 

15 

12 

%«) 

7S8 

5&€ 


!i 


B 


~iJ?  •>'  'J 

/i  zi 

/i 
/i 


i 

J. 

It 

I 

J 

z 

X 


in  lbs 


0-4 
04 
0-4 
04 
0-4 
Oi 


OS£E    WA5H£R5 


f----^ '---.' , 

*     ^cess/vr  naif  lock-     *  , 


5ize 
Bolt 


1 


Oimms/ms  of  Washer 


A    B    C    D    E  R    r 


li 


J' 

4 
I 


fS 

% 


7J* 
3i 


if  i 

i   " 

4 

i 


Weight 
mhunds 


0-4 
07 
1-0 


NookBots,  ^'or y Square^ 

haling  ^(^  holts  gm  SmmcmA^ 
SSL;  ^1  other  dimensmsare  stsnebn^ 
Uniess  otherwise  speaffed,  *^ '  V/// 
be  made  j  ^>  //ex-  rruts  fi/rmshed* 


CAST/PO/f  Cup  Washers^^l" 
"^'^^  if  k'^  nl^  'T*!     1  ^^i 
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TABLE  124. 
Weights  of  Washers  and  Track  Bolts. 


Wsti^HTs  or  Lag  Scilsws. 
Fcmndi  per  Huadred.    (tCent'e  F^cket-boolc^) 


Length.  Uoder  Mead,  In  Indicia 


In, 


ti       H 


31 


3| 


Jl 


41 


Jl 


t 


6M 


7-50 
l6J8 


8,2S  9as 
12.61;  12. 88 
17.18j18.07 


9.62  10.82  11.50  tj.ji  14.82.16.50  17*37' 18 J2 
13. 2S  16.62  r8,i3  18 Js 1 19,50  21.2^123.56  25,31 
i9.i8|a2.oo|24.oo'26,82|2B,25  30.37  33.88  35,37 


34.07135,88,39.^5142.6247.75  Si'^2  SS*i* 
64.ooj67.e8j7i.37|79.37j86.62 


3B.94 
6  [.88 

9275 


S75    77X>o|  9C^ 
97,50  1087s  114.75 


For  American  Bridge  Company's  Standard  Lag  Screwi  sec  Table  12^, 


Wiiou<*iri:  lKt>M  OR  Stebl  Piats  RouNti  Wasksss. 


Diani, 


In. 


r 


Ho£c. 


In. 


Thlck- 
B.W.G. 


No. 


i 


18 
16 
16 
14 
H 

12 


Bait. 


In. 


A 


Num- 
ber [n 
200  Ub. 


85200 
I48QO 
26200 
14400 
8400 
5800 


Dt^im.   Hale. 


I! 


In. 


if 


Thick- 
nan 
B.W.G. 


No, 


12 
10 
10 

9 
9 
9 


Bolt.  !  Num- 

I  ijefla 

joo  Lb. 


f 


Dtmm.,  Hole. 


In. 


In. 


4600 
2600 
2200 
1600 
1200 


ThkJt* 

nns 

B.W.G. 


Ko. 


Bolt. 


hi. 


berin 
HO  IJ. 


9CO 

570 
460 


Standajid  Cast.  O  G  Washers, 


Dlam, 
d!  Bcjlt. 


Bottom       Top 
Dlam,       Diam, 


la. 


In. 


I      10. 


2| 

4 


2i 

2i 


Hole. 


In. 


Thick-  wdjEht. 


Id. 


Lb. 


i 


Diam, 

of  Bolt, 


In. 


Bottom 
Diam. 


In, 


6 
6i 

Si 


Top 


In, 


2| 
3 

5l 


Hole. 


Id. 


li 

2i 


Thick-    n'riita 


In. 


Lb. 


It 

2 


1j 

I7l 


TswcK  Bolts. 
With  United  Stales  Standard  Hexagon  Nutfl. 


5*1 


Lb, 


41;  TQ  8i 


In. 


-8 


In,  '^ 


il         .^ 

li  2+06.0 

ii|254SJ 
ij  12605.5 


"^^^ 


Lb. 


In. 


+5  to  85 
30  to  40 


.^3 
■^3i 
.X3 

3t2i 


In, 


IS 


2S3  5.1 

375  4*0 
410  3.7 

43S  3  3 


1 

Lb. 

In* 

In.  = 

20  to  30 


1^3 

|X2| 

ix2 


715 
760 

»10 


7.V1 


TABLE  125. 
Weights  of  Steel  WtRE  Nails  and  Spikes- 
American  Steel  and  Wire  Co. 


STAliDARD    StEKL   WlitE    NaILS   Ai«J    SPIKES, 

SUea,  Lengths  and  Approxiinatc  Number  per  Poand. 


1 


1 

i 


i  appmximiite  nttnib«!n  are  an  avenuBC  onty*  and  the  figures  given  may  be  varied  dtbcr  way.  In*  cbanve* 
[tSimenfionf  of  heads  or  points.     Brad*  aad  no-head  nails  will  have  more  to  the  pound  than  table  shcnvs, 
r  or  thjek-hcaded  nalU  will  have  lew. 
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TABLE  126. 
Weights  of  Nails  and  Spikes. 
From  Cambria  Steel. 


Cut  Steel  Nails  akd  SptSKs, 
SUes.  Lcnfftiis  and  Approxijiiate  Number  per  Paiind. 


3d 


4d 

Sd 

6d 

7d 

Sd 

Qd 

(od 

1 3d 

[6d 

3od 

35d 

iod 

40d 

sod 

6od 


i 
] 
I 

I 

a 
ii 
a 
Ii 

2 

si 

3 

3l 

3i 

4l 
4l 

S 
5l 

6 
61 
•J 


740 


460 


3B0 
2IO 

i6o 

130 

ts 

73 
6o 
46 

13 

g 


4« 


36q 


liO 
13S 

too 

Bo 

6n 

5J 

48 
40 
J4 
14 


Ii 


S8a 


Sjo 

3SO 
300 

J3I0 
I6S 

104 
96 

fi6 
76 


^1 


420 

JOO 

no 
180 

107 

8S 

70 

S3 

38 


3d 

ao 
16 


I!>0 
80 

50 

S3 

3i 
16 


'4 


II 

9 
71 
5 
51 

S 


7SO 

6CK1 

SOO 
4S0 

3J0 
aSo 

100 


400 
3*4 


34^ 


180 


HI 


bBCCO. 


130 

07 
85 
6S 
S> 

4i 


&3di. 


1 30 
04 
74 
6t 

SO 
40 
^7 


Sqltark  Boat  Spiices, 
Approximate  >? umber  In  3.  Keg  of  200  Pouudt, 
Length  qf  Spilce^txichea. 


Size. 
J.. 
A" 


1000      2J7S 

tfi&o     ij6p 
ijju  j  1140 


305Q 

liiS 

.,,^-,-.. 

.-....,- 

1 3  JO 

II7S 

990 

fiBo 

Q40 

SDO 

6S0 

(100 

S3S 


10 


11 


S?>0   SIO  400  360  JJO  2jO  , 

371     335    JOO    375   2to  340 
160   a^o   330   JOS    190  t 


RAiLaOAH  Spje 


Size  UiMler 
Head. 


Inrhe*. 


Six  A 
s  XA 
5  XJ 
44X1 

4    XI 


Average 
Number 

r?r  Keg 
300  Lb. 


3^0 
375 
4^ 
450 
S30 
600 


Spikes  per  Mile  of 

Single  TnicJc . 
Ties  3  Ft.  c.  to  c, 
4  Spikes  per  Tie. 


Pound fl. 


7040 
S«70 
SI  70 
4660 
3960 
3S20 


K€Rf, 


3S4 
3gt 

36 

30 


Rail  Used. 

VVclKht 
per  Yard. 


Pound  f. 


75  to  100 
45  ^  75 
40  "  S6 
3S  "  40 
30  ■'  3S 
*S  *'     35 


Size  Under 
Head. 


Inches. 


4ixA 
4   XA 
3iXA 
4    X\ 
3*X1 
3    Xl 


Average 
Number 

rzT  KeK 
j^oo  Lb. 


6»o 
710 
900 
1000 
iigo 
1140 


Spikes  ptf  Mile  of 

Single  Tmck 
Tiei  I  Ft,  c,  to  c. 
4  Spikea  per  Tic. 


Poundfl . 


3110 
3910 
ajso 

30Q0 

1780 
1710 


Kes«, 

Ml 

IT 
lOl 
0 

a) 
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^               TABLE 

™ 

" 

^% 

^^^^^^^^^^^^"               Pife^Black  and  Galvanized. 

^1 

NATIONAL  TUBE   COMPANY   STANDARD. 

^1 

Standard  Pipe. 

1 

d  '  ^'                                                                                   "^^^^^^^^^^^^^^^^^^^^^^^^^^^ 

Diametert,  locbeo. 

Wright  per  Foot. 
Potinda. 

t 

1 

Coupiinga. 

siK, 

Ib. 

Thick- 
ne8». 
Incbcn, 

Thread* 
per  Inch, 

Extenuil, 

Internal. 

Plain 
Enda. 

Thn-ads 

and 

CoupUnsi, 

Diameter. 
InclMfl. 

Lcasth. 
Inch... 

Wright,     1 
Pounda, 

k 

-40s 

.269 

.068 

.244 

1          .24s 

27 

.562 

i 

,029 

1 

.540 

.364 

.088 

.414 

4^5 

18 

-685 

I 

,043 

1 

^S 

493 

.091 

.567 

.568 

18 

.848 

•i 

.070 

* 

.840 

.622 

.109 

.850 

.852 

H 

1.024 

If 

.116 

1 

1.050 

.824 

,113 

1.130 

1,134 

14 

1.281 

It 

.209 

1 

I.H5 

1.049 

.133 

1,678 

1.684 

Hi 

1-57^ 

•t 

*343 

ti 

1.660 

I.  J  80 

.140 

2.272 

2.281 

n) 

1.950 

2i 

'535 

I) 

1.900 

1.610 

,14s 

2717 

2,731 

tii 

2.218 

M 

743 

a 

3.37s 

2.067 

.154 

3.652 

3.678    1 

Hi 

1.760 

2i          1 

1.208 

4 

1.875 

2.469 

.203 

5793 

5.819 

8 

3.276 

li 

1.720 

3 

3.500 

3.068 

.216    1 

7-575    , 

7.616 

8 

3.948 

ik 

2.498 

It 

4.000 

3.548 

.226 

9.109 

9.202 

8 

4.591 

3f 

4.141 

♦ 

4.500 

4^016 

•237 

10.790 

10,889 

8 

5.091 

3i 

4741 

4i 

5.000 

4.506 

.247 

12.538 

12.642 

8 

S-591 

3l 

5.241 

5 

5S^y 

5047 

.258 

14,617 

14.810 

8 

6,296 

4i 

8.091 

6 

6.62s 

6.065 

.280 

18.974 

19.185 

8 

7.358 

4i 

9-554 

7 

7.625 

7.023 

.301 

23.544 

25,769 

« 

8.358 

4i 

10,932 

8 

8.625 

8,071 

.277 

24.696 

25.000 

8 

9.358 

4l 

13.905 

B 

8.625 

7.981 

.322 

28.554 

28,809 

8 

9.358 

4t 

J  3  905 

9 

9.615 

8.941 

.3+J 

33-907 

34.188 

8 

10,358    ' 

Si 

17.236 

io 

10.750 

to.  191 

.279 

31,201 

32.000 

8 

11721 

6» 

29.877 

10 

10.750 

10.136 

.307 

34240 

35000 

8 

11,721 

6J 

19.877 

IO 

10.750 

10,020 

.365 

40,483 

41.132 

8 

1 1 721 

6i 

29.877 

II 

11.750 

11,000 

■375 

45557 

46,247 

8 

12.721 

61 

32.550 

11 

11.750 

11.090 

.330 

43773 

45.000 

8 

13.958 

6* 

43.098 

u 

12750 

12.000 

'375 

49562 

50.706 

8 

13.958 

6i 

43.098 

»l 

14.000 

13.250 

•375 

1    54  568 

55.824 

8 

15.208 

6i 

47-152 

U 

15.000 

14.250 

.375 

58-573 

60.375 

8 

16.446 

61 

59493 

15 

16,000 

15,250 

'375 

61.579 

64.500 

8 

17.446 

6i 

63-294 

Tht  pcrmissibk  variation  in  weight  is  5  per  cent  above  and  5  pt 
Furnished  with  threads  and  couplinps  and  in  random  length*  ur 
Taper  i»f  threads  is  J"  diameter  per  ffx>t  length  for  all  sizes. 
The  Wright  per  focit  of  pipe  with  threads  and  coupUnjfs  h  based 

the  coupling,  but  ahipptn^  lcn*»ihs  of  small  sizes  will  usually  average 
All  wctghti  and  dimensions  arc  nominal.     On  sizes  made  in 

desired  must  be  specified. 

■r  cent  beic 
lcii4  other^^ 

on  a  lenj^h 
less  than  : 
more  than 

w. 

iic  ordered 

of  10  feel 
.0  feel, 
one  wei((h 

including 
t,  weight 
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J 

1 

TABLE  127. —ConUnutd. 

PIPE— Black  and  Galvamizbd— CbndudecL 

national  tubs  company  standakd. 

Extra  Strong  Pipe.  Doublb  Extra  Strong  Pipe. 


She. 
In. 


!t 

t 

u 


7 
8 

9 

ID 

II 

12 

13 
H 


Inches. 


EiEtenud.      Intenud, 


•405 
.540 

•675 
.840 

1^50 

I.315 
1.660 
1.900 

a-375 
2.87s 
3.500 
4.000 

4.500 
5.000 

9.625 

10.750 

11.750 
12.750 
14.000 
15.000 

16.000 


.215 

.502 

.546 

.74a 

.957 

1.278 

1.500 

1.939 
2.323 
2.900 
3.364 
3.826 
4.290 
4.813 
5.761 

6.625 
7.625 
8.625 
9.750 

10.750 
11.750 
13.000 
14.000 

15.000 


ThidB- 


.095 

.126 
.147 

.154 
.179 
.191 
.200 

.218 
.276 
.300 
.318 

.337 

•355 
•375 
43» 

.500 
.500 
.500 
.500 

.500 
.500 
.500 
.500 

.500 


Wi 


'dght 
rfnot. 


Fldn 


.314 

.738 
1.087 

1473 
2.171 
2.996 
3.631 

5.022 

7.661 

10.252 

12.505 

14.983 
17^11 
20.778 
28573 
38.048 
43.388 
48.728 
54.735 
60.075 
65.415 
72.091 
77.431 
82.771 


Siae. 


I 

li 

2 

2i 

3 
3i 

U 
5 

6 

7 
8 


Etxlcnud. 


.840 
1.050 

'^^ 

1.900 

2.375 
2.875 
3.500 

4.000 
4.500 
5.000 
5.563 

6.625 
7.625 
8.625 


.252 

•434 
.599 
.896 

I.IOO 

1.503 
1.771 
2.300 

2.728 
3.152 
3.580 
4.063 

4.897 
5.875 
6.875 


Thick- 


.294 
.308 
.358 
.382 

400 
436 

:IS 

.iS36 

'674 
.710 
•750 

.864 
.87s 
•«75 


•K 


I 

2 

3 
5 

6 
9 
13 

18 

22 
27 
32 
38 

53 
63 
72 


Furnished  with  plain  ends  and  in  random  kr 
unless  otherwise  ordered. 

^  Permissible  variation  in  weight,  for  extra  st 
pipe,  5  per  cent  above  and  5  per  cent  bebw. 

For  double  extra  strong  pipe,  10  per  cent  a 
and  10  per  cent  below. 

All  weights  and  dimensions  are  nominal. 


Large  O.  D.  Pipe. 


Weight  per  Foot.  Pounds. 


Thickness.  Inches. 


14 

;i 

17 
18 

20 
21 
22 

li 

28 
30 


36.713 
39.383 
42.053 

44.723 
47.393 


45.682 
49.020 
52.357 
55.695 
59.032 

65.708 
69.045 
72.383 


I 


54.568 
58.573 
62.579 
66.584 
70.589 

78.599 
82.604 
86.609 
94.619 
102.629 


63.371 
68.044 
72.716 

77.389 
82.061 

91.407 

96.079 

100.752 

1 10.097 

119.442 

128.787 
138.132 


72.091 
77.43 » 
82.771 
88.1 1 1 

93.451 
104.131 
109.471 
114.811 
125.491 
136.172 

146.852 
157.532 


80.726 
86.734 
92.742 
98.749 
104.757 

1 16.772 
122.780 
128.787 
140.802 
152.818 

16^.833 
176.848 


I 


89.279 
95-954 
102.629 
109.304 
"S.979 
129.330 
136.005 
142.680 
156.030 
169.380 

182.730 
196.081 


I 


106.134 

114.144 
122.154 
130.164 
138.174 

154.194 
162.204 
170.215 
186.235 
202.255 

218.275 
234.296 


i 


122.654 
132.000 

141.345 
150.690 
160.035 

178.725 


13^ 
i6c 

iSi 
20: 


Furnished  with  plain  ends  and  in  random  lengths,  unless  otherwise  ordered. 
AW  weights  and  dimensions  are  nominal. 


TAIS 


■ 

TABLE  128. 

" 

" 

n 

1 

^^^ 

Standard  Gages.  CoMPARAxms 

Table, 

V 

Carnegie  Steel  Co. 

1 

( 

Kr. 

ThicknMS  in  ] 

^ecimala  of  an  Inch. 

l-8| 

fsii 

a 

ii 
1" 

1  K  . 

s5 

Is  ^ 
II 

DOO 

•Soo 

4900 

.500 

ooo 

46875 

.580000 

4615 

„.„„„,,„„,.. 

464 

DOO 

.SCO 

4375 

.516500 

4305 

450 

43^ 

,.*„.*-*—.«.♦..,.,., 

900 

454 
42S 

40625 

460000 

.3938 

,400 

.400 

1 

DOO 

*37S 

409643 

.3625 

.360 

*37i 

>5ooo 

00 

.380 

'34375 

,364796 

.3310 

.330 

.348 

4452 

o 

J40 

.3125 

.324861 

,3065 

^305 

^324 

.3964 

^1 

.300 

.28125 

.289297 

,2830 

.285 

.300 

•353* 

^B& 

.284 

.265625 

,257627 

.2625 

.265 

.276 

.3H7 

■ 

^^IP 

.359 

•25 

.229423 

•H37 

,245 

,252 

.2804 

■ 

4 

.238 

•^34375 

.204307 

.^253 

.225 

.232 

.2500 

■ 

i 

.220 

.21875 

.181940 

.2070 

,20s 

.212 

.2225 

■ 

.203 

.203125 

,162023 

.1920 

.190 

.192 

.1981 

^ 

7 

.180 

.1875 

.1442S5 

.1770 

■'75 

.176 

.1764 

8 

.165 

.171875 

,128490 

.1620 

.160 

.160 

.1570 

J 

9 

.14a 

.15625 

,114423 

.1483 

■14s 

.144 

.1398 

■ 

10 

♦134 

.140625 

.101897 

.1350 

.130 

,128 

.1250 

■ 

11 

.120 

US 

.090741 

.1205 

.1175 

.116 

.1113 

■ 

ti 

.ID9 

■  109375 

.080808 

.1055 

.105 

.104 

.0991 

■ 

13 

.095 

^o'niS 

.071962 

,0915 

.0925 

.092 

.0882 

■ 

14 

.083 

,078125 

.064084 

.0800 

.0S06 

,080 

,0785 

■ 

II 

.072 

.0703125 

.057068 

.0720 

.070 

.072 

.0699 

^ 

.065 

*o625 

,050821 

,0625 

,061 

.064 

.0625 

17 

.058 

.05625 

.045257 

.0540 

.0525 

.056 

.0556 

tS 

.049 

.05 

.040303 

,0475 

•045 

.048 

.0495 

t9 

.042 

'O4375 

.035S90 

.0410 

.040 

,040 

,0440 

lO 

,03  s 

'O375 

.031961 

,0348 

•035 

.036 

.0392 

at 

.032 

'03437S 

.028462 

.03175 

.031 

.032 

,0349 

22 

.028 

.03125 

.025346 

.0286 

,028 

.028 

.03125 

23 

,025 

.028125 

.022572 

,0258 

.025 

.024 

.02782 

24 

,022 

.025 

.020101 

.0230 

,0225 

.022 

.02476 

^5 

.020 

.021875   : 

,017900 

.0204 

.020 

.020 

.02204 

26 

,018   ' 

^01875 

.0H941 

-OiSi 

.018 

.018 

,01961 

27 

,016 

.0171S75 

.014195 

•0173 

,017 

.0164 

.01745 

2S 
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TABLE  129. 

Standard  Gages  and  Weights  of  Sheet  Steel. 

Carnegie  Steel  Co. 
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Clearance  Dimensions  and  Wheel  Loads,  Electric  Cranes 

McClintic-Marshall  Construction  Co. 
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Crane  Girder  Specifications. 

McClintic-Marshall  Construction  Co. 
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Rati. 


I      Height 
and  VVidih 
I      of  Baap 
'     of  RaiL 


^,  In, 


In. 


1.6 

3.0 
1.5 
3-0 
34 
3*9 
44 
4^9 
S4 
S9 
64 
6.9 

74 
7.8 

8.3 
3.g 

93 

9.8 


2\ 

2i 

3^ 
3 

;:* 

is 

if 


Web  of 

Rail. 


In. 


\^ldth  of 

Head 
of  RaiJ. 


In, 


*• 

* 


Ciww  RaDi:  C^ane  Ralb  are  attached  to  the  ffirder  br  meani  of  dtpi  or  hook  bdt«.  the  latter  bdnx  utrd 
cU^ir  for  f-Beam«,  the  3»ci«e  belna  too  narrow  for  a  clip,  and  liaa  the  advantage  d  savinK  puivrhinji  in  ihe  top 
boce.  ^P*  *^  bcKkk  bolta  provide  for  adimtLnE  iUi^Kt  it^ceur^ele!!  in  the  sihjtnment  pI  th«  rajl^.  Rail  SplJcx-5 
^mld  CDDiiit  of  a  fbt  bar  ftsti  plate  or  a  rolled  fijh  plate  2s  aiiKle  ipiicea  arc  apt  to  intiafere  witli  the  fianfe  at 
Bbe  cnae  wbeeb.     Provide  our  «tandajd  cmne  stop  at  the  end  of  tine  miL 

IXmeoiions:  In  prrpaHns  desiKn  indicate  dfarly  distances  A.  R,  J.  E.  G  and  dutancet  of  ftoof  JIj*  to  top 
of  t»ll.  ThcK  diinciLik>nj  should  be  euhmitted  to  ownen  with  desiitn,  but  befpTt  orderinis  or  mantifactiiHiiB 
Uky  laatcTial  for  the  work  the  owner"*  zpproW  ihould  be  obtained  for  laioe. 
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TABLE  l^S. 
Typical  Hand  Ceanes, 

McChntic-Makshall  Construction  Go* 


Ft, 


30 
so 
30 

SO 
30 

SO 
30 
50 


Ft. 


Lb. 


JIOO 

40DO 
S40O 
6500 
Sooo 
9Z00 
10500 

ItSOO 


Ft. 


4 

ii 

S 
S 
S 

s 


In. 


7 
7 
g 
8 
9 
9 
10 
10 


Wl.af  Railf. 


^1 


Lb.  per  Yd. 


30 
30 
30 
30 
30 
30 
35 
IS 


30 
30 
30 

30 
3S 
3S 
40 
40 


1 

<3 


Tom. 


10 

to 

It 
12 
14 
14 
16 
16 


n^ 


30 
SO 
10 

SO 

30 
so 
30 
SO 


Ft. 


Lb. 


13000 
14400 

30700 
22300 
26000 
2S000 
32300 
35000 


Ft. 


In. 

10 
lO 
10 
10 
10 
10 
12 
12 


wt.QrRi& 

Lb.  per  Yd. 


4^ 

40 

4S 

45 
S^ 

50 
SO 

SO  I 


{ 


9 

1    ' 

-^         4 
in 

c 

s  = 

p.: 

C    : 
O 

■  OS 
^0.8 

■  OS 

TABLE  134. 
Diagram  for  Stress  in  Eye-bars  Due  to  Weight. 

V 

"^ 

\ 

53  2      2 

Formula 

£       H 
<o       ■ 

1          1 

5000   ^           M 

^         H 

4000^              ■ 

^H 

5000    J"           1 
2500   ^            1 

2000    3           H 

^        ^H 

1500     S^           H 

1000  ^     H 

900    (B           ■ 

-    flOO      Q>                ■ 

■  TOO     ^            ■ 
600    ^            ■ 

500  "^^         ■ 

i 

res  S 

\  **  ^y^ 

-":■ 

S 

> 

iZ  ^  i  ^ 

^    ^Av 

i- 

S      tJ^ 

^    \^' 

s 

4jsoaaooh 

S 

i^i^SJJ 

vS    V  x« 

.^_  ^' 

s. 

Sr^i,5! 

.  vV    \^^. 

y  / 

s 

S^r^^S 

^^\^ 

^ 

ZL^    / 

\ 

\^^^ 

^^Ns 

f'iC 

/ 

^  ^T 

-     / 

Extrems  fibre  STI1ES3 
due  To  weight 
rf-nect  fibre  stneid 
depth  ofbor^inehtA 
englho'i  barinchn 

\ 

V^'W 

^  v^ 

•Xv 

% 

/  / 

'    /.       : 

\ 

iy'^v 

^:^^ 

0^1^^^] 

A   ^ 

^/     t^ 

V 

M  i^     N 

*  \^0<.?«v*?>S.  J>4^ 

/ 

"  '^    z  ' 

N 

K'J 

SJ  ^ 

S    ^     >.^ 

r^» 

r 

J.    z 

2    2- 

K   \ 

5    ^"ys^ 

V 

s^ 

1 

y 

^  jiIZ 

C     2  Wh 

<• 

"h    ^ 

V      *\y^*ff| 

-T 

/ 

^z 

212   J- 

S 

^ 

^ 

V 

x 

^  4^ 

J7  "^^ 

y 

/ 

jd_  2- 

^^^^ 

>&, 

A 

X 

\  i 

"^Zy 

2;^;j5« 

t' 

ojmX 

s^ 

V 

w 

K 

//^ 

^,^^^- 

W^ 

s\ 

IS( 

0 

^ 

>y/ 

2^4^- 

- 

- 

A, 

§ 

% 

>'k 

^v^/- 

— 

- 

:^E^^ 

^ 

^ 

s 

^r  r 

tiz^ 

w    <^- 

V 

21 3  z 

><ly  y' 

\a^ 

j^\ 

'  * 

C\i^ 

yS 

Y 

y 

€s  V 

V  V 

y'/C  /^ 

/  / 

f  \ 

'  y 

^S'^^ 

— 

— 

A 

xxC^ 

7^ 

^ 

^ 

.h^ 

^ 

E 

^^^ 

g 

i 

^ri^ 

?y! 

E 

— 

— 

z'l'^/vi 

jHr 

^ 

S  *53 

"  e3< — — — — ' 

"i"^ 

Z-^-^-rW 

z  B  S: 

^X    J 

y      j^  J^ 

V  V 

t?[jr:r-jr_ 

-"    r-r 

/^  ^ 

— 

r 

I..-'I     U' 

/  f  y/ 

/V*J"»5i 

/ 

Sl"2 

^7  V 

r        /^  ^  J 

IcV 

'ywv^ 

jT  J 

i^S 

/^^* 

/ 

f"' 

//yy^ 

^A 

k^9aJ 

/ 

/ 

/ 

?y^2 

v'\ 

/y 

iXp^v. 

/ 

/ 

} 

^^K 

''^  * 

,/ 

w  y  J 

r  \j^  ^j^j 

yj 

^^'5a 

/ 

f 

.!  s^ 

^  / 

^/-. 

/    ^  ^ r 

/yV 

_^_z 

fV^Ki 

/ 

/ 

J    f 

/ 

r 

7L^7 

//// 

y 

A 

v^y^ 

b/ 

T7  S" 

_  s 

/ 

^\ 

zJ^  2 

^  /// 

y 

iY>/^ 

Y 

s 

IT 

vo 

*/'/A 

/ 

/] 

y^. 

^s 

/ 

/// 

///// 

/  y{ 

/ 

Of 

^ 

/I 

/  / 

y/A 

4//. 

yj 

/ 

Y ' 

/ 

// 

y/Y> 

'/// 

/ 

\ 

s. 

/ 

/V 

'//A 

Y'V. 

// 

^ 

^ 

/ 

V 

/ 

y// 

^y/' 

Yy 

1 

/!'' 

IS 

^ 

^? 

'// 

V/a 

y 

1 

Problem 
Bensior 

mud  froru 
ical  line 

iwital  ba 
exampl<« 

I 
I  c 

Ti 

to 

thi 

t 

an 

ai 

or 

»P 

r 
r  ; 

if 

1 

4 

^e 

it 

ro 

be 

d 

id 

1  I 

ro< 

nc 

IS 

th 
W 

L5         2              3          4       5      6     7    a   9  10              15        2 

la  IL  Depth  of  Bar  in  Inches 
VXyi-^Yi  in  Tens  of  Thousandths 

Acquired  stress  due  to  weight  of  a  4  in,  x  i  in.  eye-bar,  20  ft.  long 
56,000  lb. 

in,;  X  -  20  ft,,  and  /»  -  14^000  lb,  per  sq.  in.     The  stress  due 
diagram  as  follows:  On  the  bottom  of  the  diagram,  find  k  =  4  in.; 
s  intersection  with  inclined  line  marked,  L  =  20  ft,,  then  follow  t 
Ligh  the  point  of  intersection  out  to  the  left  margin  and  find,  jj 
n  follow  verriral  line,  ^  =  4  in*,  up  to  its  intersection  with  inclined 
then  follow  the  horizontal  Itne  passing  through  the  point  of  intcn 
,    v»  =  7.2   tens   of  thousandths.     Now   yi  -f  vi  =  7-2  +3-3  =.  >' 
ower  ^\%ii^  of  diagram,  follow  vertical  line  to  its  intersection  with 
cals"  and  find  on  right  margin, /»  -  950  ^b.  sq,  in. 
:lined  at  an  angle  ^  with  a  vertical  line  multiply  the  fiber  stress  ca 
above,  of  the  same  length,  and  multiply  the  fiber  stress  thus  obta 
e  bar  abovn-  is  inclined  at  an  angle  of  45  degrees  with  the  vertical;  t 
fi  =  950  X  sin  5  =  950  X  0,707  ^  672  lb, 
X  tion  of  the  inclined  /s  and  L  lines  has  for  its  abscissa  a  value  of 

fiber  stress,  /,,  for  the  given  values  of  U  ^n**  ^'     F'or  example  fo 
e  find  k  *  8.3  in.,  and/i  =  1 ,700  lb.     A  deeper  or  shallower  bar  v^ill 

363 

s     ■ 

,  which  has  a      H 

to  weight, /i,     ( 
follow  up  the 
he  horizontal 
-  3,3  tens  of 

line  marked, 
jcction  to  left 
0,5.     Find  yi 

line  marlced 

leu  la  ted  for  a       H 
ncd  by  sin  0.      ■ 
he  fiber  stnesft      ■ 

h,  which  will      ^M 
r  L  -  30  ft.;      H 
give  a  smaller     ^m 

TABLE   135* 
Diagram  for  Stresses  in  Square  Plates, 


tooo 


6   9 


« 


15 


M 


2  3  4        S     6     7 

Side  of  Square  in  F«©t, 

Safe  Loads  on  Square  Plates. — The  safe  loads  on  squarc  plates  for  a  fiber  stress  c 
pounds  per  square  inch  may  Ijc  obtained  from  the  diagram.  As  an  example,  required  thcia^^ 
for  a  i-in.  plute  3  feet  square.  Begin  at  3  on  the  bottom  of  the  diagram,  follow  upward  to ^ 
line  marked  i-in.  plate,  from  the  intersection  follow  to  the  left  edge  and  find  280  lb.  pc»J 
For  any  other  fibf  r  stress  multiply  the  safe  load  found  from  the  diagram  by  the  rati«y  oi  I 
stresses.     To  use  the  diagram  for  a  rectangular  plate  take  a  square  plate  ha\iog  lb«  1 

For  formulas  for  strength  uf  piatcs,  see  page  313.  Chapter  VIII.  ^ 
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TABLE  136, 


APPROX/MATZ  RAOKOFdrRATiOtiOF  I^ARWUS  5TPUCTUP4L  SeCTfOfiS, 


\B    Me3nd3t6 


Kbr 


±^ — % 

\B 


4- 


\B 


IV 


\8 


^  i  r,'-mb 


r'1 

'5 


-d 

\B 


'•^  --  o*  — *> 


:-6'-i 


IE 


.1  r,jim 


\B 


"i  r,^O.Vd 


...If 


5^//^ 


HrtJ 

\b 


r,'0.30d 
rc'0J9d 


r^T-T 


ry.03id 


y  Q=&i8d[XSX-'l  r,-A58d 

'"    Li X_*  v^-^^^ 

\B 


t-ii. 


,    r^'Q.m 


\B 


Ml 

\B 


r,r0.ild 
r,--O.SJb 


b-^. 


1^ 


;^  <;=^/%/ 


i  •» 


r^^asb 


mi 


ry0.4$b 


\B 


ry0.5td 


*  — 


T 

\B 


l  ry0.4ld 


...t 

B 


0,'OMd 


-  d 


rya4d 


\8 


J  I  Li. 

\B 


Q'OMd 
ryOJib 


r-  fr-i 

-HI 


axt 


'J 


\B 


r^-OJid 


li? 


i§^  - 


Tit 


t».  A 


^TICI'T  r.^crsd  ^ 


"e: 


J 


i  q--o.m 


mf.:. 


rye.37b 


\B 


r  *"; 


^"^ 


— Vf 


r_"v 


--  b 


?*-'  ^  -v 


^■^t 


jj 


5 


IL  J 
1^ 


r    r 


355 


TABLE  137. 
Details  of  a  Steel  Stair. 


Past  Co/?/?'  (2) 


i:;3» 


Qm 


SC-' 


Wiii     ^i..tsr^ 


/S  IS  »     »     „    o>3f-gi,f 


r 


No/es  J'V- 


V-'tHJrr--l  ' 


iiyae 


w-----;r-i-----H^-iir 


One-Stair  Horse 


F2 


f^;^£ 


One-    »       »     (left)  F3 
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TABLE  151 
Properties  of  Bethlehem  I  Beams 


1 

•3 

1 

■d  M 

1 

f— 

r 

\1 

-a 

M 

1  , 

1 
a 

1 

en 

1 

n 

la 
SI 

1® 

1- 

f  1  Wrf 

' 

Moment  of  Imtth, 

mtion 

1      "25 

AicSs 

Axis 

Alia 

Axh 

Asia' 

^ 

l-t 

»-a 

i-i 

2-1 

i~i 

1 

X^ 

J*-^ 

tii,> 

3S-30 

11 

Ij 

I> 

ri 

ri 

Si 

Ml 

m 

■• 

In. 

In. 

In. 

In.* 

In.* 

In. 

In, 

In.> 

Lb. 

In^Lb. 

In.- 
Lb. 

In. 

^540 

I0.|00' 

.010 

5  i39-6 

165.0 

11.18 

2.16 

349-5 

103  800 

465  740 

1  960 

23.98 

'30.8S 

.500 

10.000 

.01 1 

4  014.I 

131.5 

1140 

1.06 

286.7 

89  000 

382  300 

1  83Q 

ii43 

2649 

,460 

9*500, 

,011 

2  977.2  , 

101.2 

10.60 

1*95 

229.0 

75  300 

305  350 

1  700 

20,84 

x|.8o 

460 

9,250 

.012 

2  381.9 

91.1 

9.80 

t.91 

19S.5 

75  100 

264  660 

t  570 

19.12 

24.50 

^S^o 

9*130 

.Oil 

1  240.9 

78.0 

9-SS 

1.78 

186.7 

93  100 

248  98c 

I  S70 

18.76 

J 147 

.39Q 

9,000 

.011 

1  ogi.o 

74.4 

9J7 

1.86 

174*3 

54  000 

232  340 

I  570 

19,38 

^17 

.570 

8.890 

.015 

1  5S9'8 

79.9 

8.03 

1.81 

156.0 

102  400 

307  gSo 

I  307 

15.65 

ai-37 

430 

8,750 

.015 

I  466.5 

75^9 

8.18 

1-88 

146.7 

64  900 

195  S40 

t  307 

16.13 

20.16 

,520 

8.145 

.015 

1  268.9 

Si.i 

7-91 

1.59 

126.9 

88  100 

169  190 

I  307 

15.51 

18JS6 

4SO 

8,Q7S 

,015 

I    121*1 

49,8 

e.05 

1.61 

122,2 

69  400 

162  950 

"  307 

15.77 

17.36 

'375 

8.000 

.015 

I    172.1 

4SJ 

8.2i 

1.66 

1 17.2 

SO  000 

156  290 

I  307 

16.09 

17.4^ 

495 

7-675 

.016 

883.3 

391 

7-Ji 

1.50 1 

98,1 

78  000 

130  860 

1  177 

13.93 

1567 

410 

7-S90 

,016 

841.0 

37*7 

7.28 

I.S4 

93.6; 

57  500 

124  740 

I  177 

14-^4 

15-24 

■375 

7.S5S 

.016 

825,0 

371 

7.36 

1.56 

91^7, 

49  200 

111  120 

1  177 

14,38 

■S 

1425 

.330 

7-So^ 

,016 

798.3 

36.2 

7.48 

IS9 

88.7 

36  700 

118  160 

I  177 

14.62 

20.9s 

.520 

7.500 

.020 

796.2 

61.3 

6.16 

1.71 

106.2 

77  900 

HI  540 

9S0 

1 1.85 

18.81 

.605 

7.195 

.020 

664.9 

41.9 

S.9S 

J. 49 

88.6 

95  90D 

118    2QO 

980 

11.51 

iSJ8 

410 

7.000 

.020, 

610.0 

58-3 

6.10 

I.5S 

81-3 

S4  800 

108    450 

980 

11.00 

l|-5i 

440 

6.810 

.020 

484.8 

2S.1 

599 

1.36 

64,6 

60  000    86  180 

980 

11.66 

t2,a2 

.340 

6.710 

.020 

456.7 

14^0 

6.16 

141 

60.9 

39  900    81  180 

980 

11.00 

11.27 

.290 

6.660 

.020 

442.6 

^34 

6.27 

1,44 

59^0 

30    IQO 

78    680 

980 

11.20 

10.6 1 

.310 

6.300 

.025 

269.2 

11.3 

5^04 

1.41 

44-9 

31  200 

59  830 

785 

9^67 

944 

'33S 

6.205 

.025 

118.5 

16.0 

492 

1-30 

38.1 

3S  Soo 

50  77"^ 

785 

949 

'S 

8.41 

.250 

6.110 

-OJS 

116.1 

IS'3 

5*07 

1.3s 

36.0 

11  200 

48  050 

78s 

9.77 

■S 

8^54 

-590 

5.990 

.029 

134.6 

12. 1 

4.02 

1. 11 

26.9 

39  Soo 

35  880 

654 

7*67 

5 

694 

.250 

5.850 

.029 

1 

111.9 

II. 1 

4.21 

J. 27 

2+.6 

11  000 

31  770 

654 

8.03 

7'04 

^365 

S'SSS 

-033 

giA 

8J 

3.61 

1.12 

20.5 

33  900 

27  190 

i    590 

6  88 

6^1 

.250 

5.440 

.033 

SS-i 

8.* 

3^76 

1. 17 

18.9 

20  100 

15  120 

S90 

716 

5 

S7« 

■3*S 

S-3^S 

-037 

60.6 

6.7 

3.14 

ro8 

15*1 

16  goQ 

20  200 

512 

6.nl 

S 

S.i8 

250 

5.250 

.037 

5^*i 

64 

5.33 

i.ii 

.4.5 

18  900 

19  130 

511 

6.18 
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TABLE  152 
Properties  of  Bethlehem  Girder  Beams 


In. 

30 

aS 
26 

24 

20  I 
18 

10 

9 
8 


Lb. 


200 
iSq 

I  So 
I6S 

160 

150 

140 

tzo 

140 
112 


lG.1 
58,71 

48.47 

+6.91 
j43-94 

41.16 
3SJ8 

41.19 
32,Si 


I 


92    1*7^12 

J40    41.27 

104     30.50 

75    ,^1-49 

70    '20.58 
12*95 

H,32 
q.54 


44 


In.      In* 

750 
690 

G90 
660 

.630 
.630 

600 
,530 

640 

.480 

800  U.75 
.600  [  1.35  .020 
.430,10.50^,020 


15.00 
13.00 

14*35 
12*50 

i|,6o 
ti.oo 

15,00 
12.00 

12,50 

T3.00 
11.50 


.QIO 
.QtO 

,011 
.Oil 

.Oil 
.011 

.012 
.012 

.015 

.016 
.020 


460 
370 

310 

300 

,290 


10.00 


.025 
.025 


9*75 
9.00  .030 

8.50.033 
8, 00'. 03  7 


a-^. 


M 


j\ 


Moment  of  Inertk. 


Ai^  i-i 


In.* 


9  150.6 
8  194.5 

7  264-7 
6  562.7 

5  620.8 
5  ^3-9 

4  201.4 
3  ^-3 

2  934.7 
2  34^1 

I  591.4 

I  59i  7 
1  220.1 

8^3-4 

538.8 
432.0 

244.2 

1709 
1144 


Axti  f-n 
Ii 


In.* 


630.2 
433  J 

533-3 
371-9 

4357 
314.6 

146.9 
249.4 

348.9 
2393 

182.6 

331.0 
213.0 
133.2 

114.7 
81. 1 

57-3 
12.9 


EUdLuftof  Gy- 
ration 


Azii  i-i 


In. 


124S 

I2.4J 

11.72 
11.64 

10.95 
10.83 

10.10 
10.10 

§44 
8.45 

7.66 

6.21 
6.32 
6.41 

5.17 
4.34 
3*90 
3.46 


2-3 


In. 


3^1? 
2,86 

5*18 
2.77 

3-55 
2.68 

2.90 
2.66 

2.91 
270 

^■59 

2,83 
2.64 
^'39 

2,36 
2.24 

2.10 

1.98 

1.86 


ln.« 


610.0 

54^-3 

518.9 
46S.8 

43^-4 
396*5 


8 


1 


Lb. 


189  300 
165    lOQ 

161    500 
150   300 

135   900 

I3§  9«3 


350.1  121  700 

30O.6|  98  500 

293.5' 124  200 


s 
^5 


is"* 

O 


9 


Ml 


ln,-Lb* 


234-^ 
176.8 
212.4 


813  390 
728  400 

691  880 
62s  020 

576  490 
528  600 

466  820 

400  820 

391  280 
312  290 


lOw- 

Lb, 


98  500 

76  100I235  760 


,  T34  30O 

162.7  94  300 

117.8  59  200 


89.8 
72.0 


57  200 
42  30Q 


48. 8  29  800 
38.0  26  700 
28.6  23  600 


285  150 
216  910 
157  080 

119  730 
96  ooo 

65  130 

50  630 

38  140 


I  960 
t  960 

I  830 
I  830 

I  700 
t  700 

I  S7Q 

I  307 
I  307 

I  177 

9S0 
980 


■s.m 


II 


24.JO 

32.^ 
22M 

21*03 

2a99 

ms 

194I 

idot 
1441 

1149 


980J  11-89 

785  •  9^ 
785:*  ^31 

654*  7-^ 

^2r*  ;M 


*  Denotes  that  the  distance  given  is  less  than  the  distance  center  to  center  of  beams  placed 
close  together  with  flanges  in  contact. 
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76.93 
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6.65 

377 

4124 

148.3 

■ 

fO.O    2t 

II  82 

133 

2.058 

2.19Z 

79-44 

3  544-1 

1  138.7 

6.68 

379 

426,4 

1537 

^ 

«-5|  aA 

r4.S6 

>37 
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i*i55 

22A 
22A 

81.97 

3  688.8 
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6.71 

3.80 
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159.1 
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t^-fO 

MI 
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2317 

g4.50 

3  836.1 

I  226.7 

6.74 
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1647 
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UIP15 

^5 

1 

ti.92 

'39 

.567 

683 

16I 

19-00 

499.0 

168.6    5.13 

2,98 

84.9 

28.3 

ri.5 

H 

11.96 

43 

-630 

.745 

i6i 

t 

20.96 

556.6 

i8a.2 

sn 

3.00 

937 

31-5 

A 

r«^ 

12.00 

47 

.692 

,SoB 

»7^ 

5 

22.94 

615.6 

ao8.i 

5.18 

3,01 

I02.6 

34-7 

■ 

k-5 

i 

12.04 

•51 

-755 

,870 

I7J 

1 

24.92 

676.1 

228.5 

S.21 

3.03 

III.5 

37'9 

■ 

12.08 

•55 

J17 

'933 

I7l 

2^.92 

7381 

249-2 

s-24 

3.04    120,5 

41-3 

■ 

>»*5 

i      , 

'1 

.8S0 

'995 

17} 

2S.92 

801.7 

370.1 

5-37 

3.06   129.61 

44.6 

■ 

»5jO 

1 

\ 

.941 

1.058 

17A 

.a 

30.94 
3196 

866.8 

1917 

5-30 

3.07    138.6 

48.0 

1 

l^vO 

lA 

■■7 

1.005 

1.120 

17A 

17  i 

9334 

313.6 

5-33 

3.08 

147.9 : 

514 

1 

|g.5 

1} 

12.23 

.70 

1.067 

M83 

34.87 

I  000,0 

335-0 

536 

3,10 

156.9 

54-8 

»55 

>A 

12.27 

•74 

1-130 

1.245 

17H 
17^1 

36.91  I  069.8 

357-7 

5-38 

3-11 
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58.3 

J 

IM 

u 

IMI 

,7H  I.I91 

f.308 

3S.97  1  141-3 

380.7 

541 
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1 
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TABLE   i$3.— Continued 
Properties  of  Bethlehem  H  Columns 
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H 
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^ 
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T 
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W 

M 
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Sa 
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t8 

i-^-4J-03 
2-1  4S'I9 

[1    214.S 
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^4 

»3i 
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It 

12.39 

M 

J  3*7 

1-433 

i8i 

I   3894 

428.0 

5-47     3-iS 

l94.fi 

69.1 

n 
m 

IS3-S    iiV 

1243 

'9° 

1,3^0 

I -495 

i8i 

I   366.0 

4S^.% 

s^s^  5*16 

204.3 

73i 

i6i.ol  i| 

1247 

■94 

1442 

I.55H 

1M| 

47.2SI1  444-3 

477-0 
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2lfC 

7^5 

lo"  H  Columns 

91 

49.0 

A 

9^97 

.36 

,514 
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I4A 

14-37 
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89.1 
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>7^ 

lO 
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i 
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■39 
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.673 

14A 

15.91 

296.8 

1004 
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^1 

to  r 

59^5 

1* 

10.04 

■43  , 

.639 

.?3(^ 

14A 

E 

17-57 

331-9   1 

U2.2 

4-15 

2^53 
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10 

6s-s: 

lo.oS 

■47 

.701 

,798 

14  i 

^ 
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368.0 

114.2 

4-37 

254 

n^^ 

14.6 

10  [ 

71.0 

}* 

10.1^ 

■51 

.764 

.861 

I4i 

ir>. 

20.91 

405.2 

I36.S 

4.40 

2,56 

78.1 

37X' 

10 

77^0 

10.16 

'SS 

M7 

'933 

Hi 

22,59 

443 -<5 

149*1      4-43 

2-S7 

84-s 

594 

lO 

M2.5 

H 

10.20 

o9 

.889 

.986 

Mi 

1 

2429 

483-0 

162.0 

44^ 

2.5^ 

90.9 

)!.* 

10 
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lO.U 

M3 
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1.04S 

Hi 

1 

2v99 

533 -S 
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94-0 

lA 
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.67 
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8 

i77J 

565.2 

1SS.6 

4-5^ 

2,61 

103.9  3^7, 

11 

99-5 

It 

10.31 

■70 

1.0771 1^173 

isi 

29-3^ 

607,0 

201.7 

4S5 

2.62 

1104^19-' 

1       1 
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lO^.tf' 

lA 

10.K 

■74 

i-ng 

1.216 

I?  A 

31.06 
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4-^8 

2.64 
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1 
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no 
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9 
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TABLE  154. 
Properties  of  Bethlehem  Compound  Columns. 
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7841.3  ,    29594 

7-60 

4.67 

814.7 

328.8 

4^3 

138.02 

L 

18 

2 

I61V 

8051. 1      3010.1 

7*64 

4.6g 

831.1 

3IS'6 

476.9 

140.17 

M.06 

18 

1* 

^ 

8263.6  '    30*0.9 

7*68 

4.69 

«47ii 

342J 

4S4.6 

142.52 

iB 

2 

8478.9      3141 6 

7*71 

4*70 

864.1 

349.1 

jolmnfis 

COnipDSCQ 

of  1  14"  X  148  «b.  SpenVl  < 

3o|gma  Scctbn,  rcenforK 

'd  with  cover  plitet 

idth  and 

thickness 

given  b  table-     The  total  thh 

:knetf,  P,  may  be  made  0 

t  two  or  more  plat^, 

of  puiicl 

able  ihicl 

incs% 
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TABLE  155. 
Elements  of  Bethlehem  I-Beams  and  Girder  Beams. 


Bk\ms. 

-A-                       ft 

S          n 

p 

1-   ..     f 

i 

m 

I 

j"o  0 

1  0  Q 

I 

It- 

p-B--^             M^/.-c-Mwtjtf 

n,    1                      ••        -*^ 

1           ^                   II        ' 

m^Mi 

DiDmhHU.  in  Incbo. 

Is 

S5 

3|i 

II 

DlnicBdaiia.  la  ItidiaL 

iii 

n-" 

F 

W 

L 

K 

G 

A 

B 

c 

5^ 

P 

w 

1    L       K 

L  .   G 

A 

B 

C 

30 

120.0  10} 

tt26A 

iH 

H 

6* 

sA 

|A 

I 

IS 

71.0 

7l 

H 

ii!  i| 

H 

4l 

jf  A 

23 

tos-o  10 

i 

*4tt 

m 

H 

6 

s* 

A 

I 

IS 

64.0 

B4-0 

7A 

■J 

J" 

uAH 
12A  li 

4    Si! J 

4  [Sfti 

IS 

46.0  '6|| 

1 

lal    i^ 

y^ 

3lsA  A 

26 

9n.o 

9} 

H 

23 

li 

fl 

5i 

'* 

ft 

I 

IS 
IS 

41.0  6 
38.0  6# 

12     If 

si  sft  A 

24 

84^  9i 

a 

2t 

li 

1 

sl'sA 

ft 

1 

12 

36.0  '6i1 

ft 

9i    H 

^  A 

3*  SAA 

U 
H 

83.0'  9l 
73^0,  9 

H«i^iSI:tt 

% 

ji 

11 

*','■ 

12 

11 

32.0  6A 
28,5  ,6i 

.« 

loA  i 
loA  1 

\% 

3)  Si  ;A 

20 

32,0 

8HI     H|l7i 

<^ 

J 

5 

^A 

1    >i 

10 

2fi-s  'sH 

H 

11,1 

*Mi]!V 

10 

71,0 

81 

A     I7k 

lA 

1 

S 

sA 

i 

J 

10 

^J^S|5flli" 

20 
20 
20 

69.0 
64,0 
59,0 

0 

tt     17 

I17I 

I'; 

4' 

4 

4* 

5i 

if 

> 

9 
9 

M-o  SA 

20.0  sA 

,» 

;l' 

i*il, 

11  a' 

iS 

S90   7tt 

1     I.-; 

I  ; 

A 

*t 

'<;) 

ft 

i 

18 

54-o|  7Hi    H  isi 
S2.0,  7AI     'isi 

I  ; 

\ 

4l  si 

'. 

♦ 

8 

8    ' 

I9^S  Sfi 
17'S  si 

.« 

31 

4   ft.al  si  A 

IS       4^-5^  7i  1     H  I5i 

«    'A 

4    sAi 

i 

I      1 

»      1 

Ej-emests  oriB^MLBM 

Of   GlML 

)£B   Beams, 

J»_               -p. 

c 

[^ 

s*Oi) 

J? 

. 

1] 

1 

1    ^ 

i 

^>    . 

j^^ — 

^-^55-.,^ 

J 

1^  #*,._. _^._ . _.*4rt 

1*     B     ►j                      -»; 

>c  •»•«♦> 

^«f  -=■  -1 

DJmen»ioi».  in  Inchei 

^    --, 

c  3    . 

Ml 

1= 

III. 

c 

F 

W       L 

K 

Q 

A 

B      G 

1 

F 

W  '     I,       K 

G 

A 

B 

J 
30     200.0 15 
30    I80.Q  13 

H  ,2SA  2U  lA  9 

si    A 
siiA 

18 

92.0 

Mi 

H14I     II 

H  Ti  si     ft 

28 

'80.014H    H*3j  lA'A'ioijIll  A! 

I 

IS 

[40,0 1 1 1 

H   lol  iftiA'7i  jHA 
ttul   iH  tt7i  si     i 

2S 

163.0  iij    JJ     iji    lAllAi  8: 

sHi    1 

1 

IS      J 

04.0  III 

^                        ' 

( 

15 

73-0  loi 

A 

i2AiH«  ,6*  sAJ 

26 

160.0 13H;     Jaif 

sA 

lA 

9i 

^1 

1 

I 

12 

70.0  no 

H 

9    iJ    J  6   sA.A 

26 

150.012 

1     III 

lA 

•* 

8 

St 

1 

I 

12 

55  0 

m 

9i    Ii 

H  16    SJ   S 

H      140-0!  ij 

H       120.0  12 

IJ 

9 

11 

J  '1 

ftl  I 

10 

44-0 

9 

ft 

7i    I* 

HslsftA 

20        I40.o'l2j 
20        112.012 

L 

HisH'aA'ii  1 
tt  ,16    iHl   ! 

Si 

iSi^A*  1 

9 

38.0 

PIH 

61  lAH   si'sftft 

1          '                '         1       I       1       1 

1 

8 

31-5 

8  41 

6    I    ft   s   sAA 
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TABLE  156, 
Standard  Conxectiok  Angles  for  Bethlehem  KBeams. 


3o'i   ^i' 


lie 


^.'fX'^i- 


BSAM  CONH^CTIONS 


/5'I 


i&4^r*^p^^     zts''4'*^'^ti^^'  ii?0W4'^^-/(? 

WelfttfTiik'  m/ghtlSW*  Wf^hf'r4W 


><■■*■      Via  ^  ><  ■*■ 


'^1 


m/ghf3ZIb^ 


-I 


Tb04''^''OW 
3mn9  m  ^th  1^  efsnfles  tt/jkss  fithrw/se  shortn^  Affhks  ^Oam^^r  ^D!dm*^t'\^ts  or  Bolts* 


Zlf$'04'^f'^Q'3^ 
WeJghf-JZ/t^ 


4 


on  which  the  Above  Connectioii  Anc^tc*  may  be  Uwd  for  GrvMcA  SaTe  Uniformly  Distributed  Lo«di. 


I20.0 

105.0 

90.0 

84.0 

75.0 

7^,0 
59-0 

4«.5 
71,0 

54-0 

30.0 
17-5 


Least  Span,  hi  F«et.  for  VeHans  Condition*. 


Rivets :  Sheariogr  lo^ooo  Lb4..  Bearing  «t»ooo  Lb*,  per  Sqiure  In. 


Can. 
neciion 
to  Web 

of 
Beam, 


3J.O 
21.7 
22.1 
21*9 
22,7 
20«2 

i8,s 
16.4 

11.8 

12.t 
lOJ 
10.3 

8-7 
6.7 


Tidd 

Coo- 

nection, 


21. 1 
19.2 
17-3 
17*  t 
15.0 

14-7 
11.8 
107 
16.0 

12.3 

8.9 
9.0 
7-2 
7-4 
5-7 
4-3 


When  T«ro  Beams  Fiume  Dppoiite  Each  Olber  to  a 
BcAm  or  Girder  with  a  Web  lliickncea  at  Fo'llowi : 


A'' 


22.1 
20.1 
tS.l 

17-9 
15.7 

«54 
12.3 
11.2 
16.8 
12.8 
9-3 
95 
7.6 
7.8 
6.0 
4-5 


H.8 
22.7 
20.4 
2ai 
17.7 
174 
13.9 
12.6 
16.9 

J45 
10.S 
10.6 
8.5 
87 
6.7 
51 


A" 


384 
25.9 

30.2 

19.9 

159 

14.4 

21.6 

16.S 

ti.o 

12.3 

9.8 

lao 

77 

5-8 


r 


331 
30.3 
37.1 
36^ 
23.6 

33-3 
18.5 

i6.d 
15. 1 

19-3 
14.0 

14-a 

114 
\\£ 
9*0 
6.8 


A" 


39-7 
36.3 
32.6 
32.3 
38.3 
27.8 

13.2 
30.2 
30,2 
33.1 
16.8 
17.0 

»3-7 

14^ 

10.8 

8.2 


497 
45-3 
40.7 
40.3 
354 
34-8 
37.8 
25.1 

377 
28.9 
31.0 

3U3 

17.1 
17-5 
13.5 

10.2 


Field  Coimectictn. 

Rive'  Sbeiif. 
SfOoo  Lbs.  per 
Square  Inch. 


26.3 

34.0 
21.6 

21.4 
18.8 
18.4 
14.7 

»34 

20.0 

15-3 
It. I 

11.3 
9.1 
9-3 
7-1 
54 


i 


Jbc  greatest  vaJuc  given  of  the  least  span 
■  w^hich  the  connection  mav  be  used. 


for  any  of  the  governing  conditions  is  the  minimum 


4 
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TABLE  157. 
Standa&d  Connection  Angles  for  Bethlehbm  Girder  Beams. 


^BAM  COHHECTIOHS 


_4 

mi0hf67fk' 


IS'ff 


WL 


Weights?/^ 


c 


ZO'6^  , 
We^t481h' 


We/0AfSZ/k' 


.-„^ ..-,,^ „..^ ^  Wei^f  17  Jh- 

Sfiacm^  S9me  in  bcth  le^  of  angles  unless  ofherwise  shewn'  AU  holes  j$Diaah  fir  ^t.'O/am'Rivgfs  or  Bolts 


Z&6'^$'x7^''x0^7i'' 
IVelghfrSfb' 


Minimum  Spans  on  which  the  Above  Connection  Angles  May  be  Used  for  Greatest  Safe  Uniformly  Distributed  Loat 


Depth  of  Beam, 
Inches. 


30 
30 

28 
28 

26 
26 

24 
24 

20 
20 

18 

15 
IS 
15 

12 
12 


Weight  per 
Foot.  Lbs. 


200.0 
180.0 

180.0 
165.0 

160.0 
150.0 

140.0 
120.0 

140.0 
II  2.0 

92.0 

140.0 

104.0 

73.0 

70.0 

S5-0 
44.0 
38.0 
32.5 


Least  Span,  in  Feet,  for  Various  Conditions. 


Rivet :  Shearing  xo.ooo  Lbs..  Bearing  ao.ooo  Lba.  per  Sq.  In. 


Con- 
nection 
to  Web 

of 
Beam. 


24.5 
22.0 

24.1 
21.8 

20.1 
18.4 

19.2 
18.3 

16.8 

14.6 

18.3 
14.0 

II.6 
11.5 

9.3 

11.3 

8.8 


Field 
Con- 
nection. 


24.5 
22.0 

24.1 
21.8 

20.1 
18.4 

19.2 
16.5 

19.7 

II.9 

18.3 
14.0 

10.2 

10.8 
8.7 

5-9 
7.6 
5.8 


When  Two  Beams  Frame  Oi>posite  Each  Other  to  a 
Beam  or  Girder  with  a  Web  Thickness  as  Follows : 


257 
23.0 

25.2 
22.8 

21.0 
19.3 

20.1 
17-3 

20.6 
16.4 

12.4 

19.2 

147 
10.6 

1 1.4 
91 

6.2 
8.0 
6.0 


28.9 
25.9 

28.4 
25.6 

237 
217 

22.6 
19.4 

23.2 
18.5 

14.0 


A" 


33-1 
29.6 

32.4 
29.3 

27.0 
24.8 

259 
22.2 

26.5 
21. 1 

16.0 


21.6  I  24.7 
16.5  ,  18.9 
137 

14.6 


12.8 
10.2 

6.9 

9.0 

6.8 


11.7 

7.9 

10.3 

77 


38.6 
34-5 

37.8 
34.2 

31.S 
28.9 

30.2 
25.9 

30.9 
247 

18.6 

28.8 
22.0 
16.0 

17.0 
137 

9.3 

12.0 

9.0 


46.3 
41.4 

45-4 
41.0 

37.8 
347 

36.2 
31. 1 

29.6 
22.3 

34-5 
26.4 
19. 1 

20.4 
16.4 

II. I 

14.4 

10.8 


57.8 
51.8 

56.8 
5>-3 

47-3 
43-4 

45-3 
38.9 

46.4 
37.0 

27.9 

431 
33-1 
23.9 

25-5 
20.5 

13.9 

18.0 

13.6 


Field  Conncctk 

Rivet  Shear. 
8.000  Lbs.  pe 
Square  Inch. 


30.7 
27.5 

30.1 
27.2 

25.1 
23.0 

24-0 
20.6 

24.6 

19.6 

14.8 

22.9 

17-5 
12.7 

13-5 
10.9 

74 

9-5 

7-2 


The  greatest  value  given  of  the  least  span  for  any  of  the  governing  conditions  is  the  minimi 
I  span  for  which  the  connection  may  be  used. 


ISA 


TABLE  15S. 


Cast  Ikox  Sbpaiators  for  Bethlehem  Glbder  Beams  and  I -Beams. 


BsTVi-AM&jc  \>uLzyaL  Baaxsi. 


II 
II 
1 1 


5 


wAj 


II 
II 


c 


S^arahmAv  i" to  15** beams  art  j  metal. 


Bdt*. 


Wei^t*. 


ErntLBimi  1  B&uis. 


c 


^■?^ 


Separators  forff'to  3$^bimnsare  i  metal, 
Stparatora  hr  8'to  /S'  beams  ste  j  "mebaf. 


Bolt*. 


Wdglku. 


I 


I 
I 


Lb. 


iB,     In.    Uu    In.     Lb. 


Se|*umtors. 


I 


Lb.      Lh. 


■5, 


t 


Lb. 


Lb. 


tn.     La,    lb. 


I 


- 


iT*  •    ' 


Lb.     Lb.  ,   Lb.     Lb. 


SepwalDra  with  Three  Bolts, 


Sepa^rators  with  Three  Botu. 


I  200.0  I  isl  IS  *o  »7l  73.0  4-S<^ 
180.0  I  13I  13  10  15164.5  4.50 
iSo.o  15  I14I  7\  1^1 65.0  4.IS 
165.0  I  n\  i^\\  7ii5  59*1  4.15 
160.0  I  Hi  ,!3l!  7}  16  590  385 
"   \i\    7i  141550  3-85 


150.0  I  ii\ 


7-7 
7.0 

74 
6.8 

71 

6.6 


J7S 
■375 
375 
*37S 
'375 
•375 


30 

28 
26 


120.0 
105,0 
90.0 


tii  to}  to 

lot  loi    7i 


lol 


12S 

13 


9i  7ii"i 


50.1  14-50 

43-9  4  15 

39,3  3.KS 


6.0 
S-5 


■375 
.375 
■375 


Septra  tort  with  Two  Bolts. 


Separators  with  Two  Bolti. 


140^ 
120.0 
i4ao 
11 2.0 
^.o 
140.0 

tOfO 

73-0 

70UO 


n\\nl  I2il5}50.0 

121    I2i  isi  143470 

13  'ill  10  14;  yho 

111  1 12  10  14  38,0 
12  til  10  13)  ^4.0 

I2|    111     7}  H    ,22.0 

iif  |i»l!  7i  13I22.0 
11  loj  7l  r2l  21.0 
loj  10  I  5  |I2  I175 
loj   to  I  5    n!!t7'5 


3-501 
350 
2.80 
2.80 
2.60 
1.50 
1.60 
1.60 
1.30 
1.30 


4*6 
4-3 

4-5 
4^3 
4.2 
4-3 
4^2 
4.0 

3^8 
3,8 


•^5 
'i5 

•^5 
15 

H 


20 
20 
18 
15 
15 
»5 
12 
12 


84,0 

73'0 
72.0 
59-0 
48.5 
71.0 
54.0 
38.0 
360 

28.5 


9l 

9l 
81 
8 
8 


9  Uo 

"3 


III 
II 

lOj 

10 

l> 

8 

n 


35-1  3% 
35-1  |3'65 
28.2  J. 00 
26.1  3.00 


22.1 

12.3 

133 
91 


2.70 
1.6s 
1.6s 
1.80 
1.30 


9*0 1 1.30 


3.6 
36 
3-5 
3.4 

3.2 

3-» 
3-0 
2.8 
2.8 


)  Separators  with  One  BoIl 


Separators  with  One  Bolt. 


44-0 

9i 

21 

t8.o 

9 

811 

J»-5 

8J  ■  81. 

J 10}  It.O 
.'toi'io.o 

.1  9}l  8-0 


I.IO 

1.00 

-851 


1.8 
17 


,12s 
,1^5 

,»25 


10 

9 
8 


»3-5 
20.0 

17.5 


6 
5! 


II 


6i     55 


1.10 

LOO 

.85 


14  L125 
1.3  1.125 
1.3  1.115 


SeparAtan  for  18  to  30  inch  bearai  arc  \  inch  metaL 
j>tp.if*tujf^  for  8  to  15  inch  beams  arc  \  inch  metal. 
k\i  bt'i'i  i  itich  diameter. 


da 


TABLE  159. 
Safe  Loads,  in  Tons,  and  Deflections,  in  Inches,  Bethlehem  I-Beams. 


Depth* 

Weight. 

Letxftli  of  5{Km  in  Foct.                                                            | 

In. 

Lb. 

a      tci    13 

14     16 

iS 

30      33  1   34      36 

2a 

30 

IJ    1    34 

16      ji  ]  4fi     ^ 

120 

..„, 

_„. ,_ 

1 

103 

93      8s'    78      73 

^ 

62 

S8 

SS 

52 

49     47    44 

10 

_^ 

( 

■44 

.39     .36    .33     '30 

.28 

.26 

'3S 

.23  '  .22 

.21     .20   jql 

_\ 

...    .' 

./^ 

.22  :   .^7  i   -.^^  1   ^S7 

.4i 

'5° 

'5? 

.64 

.7r\  .Sol  A^  m\ 

105 



.„-., 

^ 

85 

76      701    64      59 

ss 

SI 

48 

4'f 

43 

40  j   3^    J6j 

28 

* 
90 

^.^. 



41 

.37     .33]  <3i     -38 1   .26 

M 

.23 

.22 

,20 

-igi  -J?    I'*! 

1       1 

.ig 

.24     .29  Ui-#  '  ^  !   -^^ 

JT 

.df 

.?8\  ■771  .^s\  '^5m\ 

,.. 1 — ,,.  .....  . 

__.!__   '.__ 

-.-    .L          . 

68 

61  ,    sfij    SI 

47;    44 

41 

38 

36 

34 

32;  31  39' 

26 

* 

— L,,_J 

......  L_. — 

*3« 

'34 

.5/ 

.28  '    .26  .    .24 

.23 

,31 

.20 

.19 

.18'  ,17  J^ 

Dff. 

...  J.,.   l......1......L^^^. 

a  I 

.^5 

.^7     «^J     -SO 

oT 

A^ 

■7^ 

Jji  ,Q2  1.02  ij: 
291    28,    26     _ 

84 

■ B8 

76    66 

S9 

S3 

48      44I    41 

38 

35 

33 

11 

U 

73 

„...1..„.  77 

661  58 

S^ 

46 

42     39     36 

33 

11 

29 

27 

26,  24   23 

♦ 

--' ^ 

■45    .39 

^35 

31 

,2g     .26    .24 
..?j :  40    47 

.22 
$4 

.21 

*20 

.19 

.17 1  .irLii*^- 

Drf. 

./t^ 

.14   ,iS 

.^^    .^S 

.62 

.71 

M 

MQ\r.Qo  1. 10 

82 

- -       ^ 

S9    SI 

46,  42 

38 

3S      3^ 

^S 

18 

26 

24 

^1 

22       21     .. 

72 

...^A.,^   6| 

S^    49 

43'  39 

36 

33      3? 

28 

26 

H 

23 

22 

21       20 

69 

....J..._.  s6 

48    4^ 

38     34 

31 

Z%       26 

H 

23 

21 

20 

19 

18,     17    ..^ 

20 

64 

.._.,.„,  S4 

47  1  41 

36,  33 

30 

27!    ^S 

n 

21 

20 

19 

18 

17'     16  -_ 

S9 

.^._  s^ 

45     39 

3!     31 

28 

26)    24 

12 

21 

20 

18 

17 

16       It)    ^ 

♦ 

' +4!-37    -3i 

.29    «26  i  ,24 

,22  1  -20 

■19!  .17'  .16 

.g6 

.15 

.14^11 

i)^. 

, !„.„  .fj  './6'  ,^/ 

•^7  vii  1  -^c- 

^^^ 

'i^ 

^6S 

.7#    ^y 

T.07  i.tg  i.u  _J 

S9 

. 

^—  44 
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il(>9 

S0653 

6.0828 

3-3322 

86 

7396 

636056 

9,2736 

4414 

33 

14++ 

54^72 

6.1644 

3.3620 

B7 

7569 

658503 

93274 

44!! 

39 

1521 

m  19 

62450 

3.3912 

88 

7744 

681472 

9. 3  80S 

4.44^ 

40 

1600      1 

64000 

6.3246 

34200 

89 

7921 

704969 

94340 

44^ 

41     1 

1681 

68921 

6.4031     j 

3^+4«2 

90 

8100 

729000 

9.4868 

44Si 

42 

1764 

74088 

6,4807 

,^4760 

9' 

82S1 

751S7I 

9-SJ94 

449' 

43 

1849 

79507 

6^5574 

3.5034 

92 

8464 

778688 

9-5917 

4-5^ 

44 

1936 

85184 

6.633^ 

3-5303 

93 

8649 

804357 

9-6437 

45]C 

4S 

2025 

91125 

6  7082 

3-5569 

94 

8836 

830584 

9,6954 

45^* 

46 

2116 

97336 

6-7»23 

3.^830 

95 

9025 

857375 

9-7468 

4.56: 

47 

22og 

103823 

68557 

3.fo88 

96 

9216 

884736 

9.7980 

441^ 

48     1 

2304 

1 10592 

6.92B2    ! 

3.6342 

97 

9409 

912673 

9-8489 

4.59. 

49 

2401 

117649 

7.0000 

3-6593 

9R 

9604 

94119^ 

9J995 

4.6K 

99 

9S01 

970299 

99499 

4.6:t 

272 
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TABLE  165 

, — Continued, 

" 

V 

Squares,  Cubes,  Square  Rooi 

s  AXD  Cure  Roots  of  Numbers  from  100  to  199, 

^M 

fia. 

Square. 

Cub«. 

Sq,  Root, 

Cu,  Root. 

No. 

Square. 

Cube. 

Sq.  Root- 

Cu.  Root. 

IDO 

10000 

1000000 

10,0000 

4.6416 

150 

22500 

3375000 

12.2474 

53133 

IQl 

loaoi 

10^0301 

10,0499 

4.6570 

15* 

22801 

3442951 

12.2882 

5.3251 

I02 

10404 

106120^ 

10,0995 

4.6723 

152 

23104 

3511808 

I2.";288 

5-3368 

jm 

10^09 

I0t>2727 

10,1489 

4,6875 

i53 

23409 

3581577 

12.3693 

5.3485 

mm 

10816 

1124864 

10.1980 

47027 

154 

23716 

3652264 

12.4097 

5.3601 

mm 

11025 

115762$ 

10,2470 

47177 

155 

2402$ 

3723875 

12.4499 

S-3717 

iR 

iizih 

1191016 

10.2956 

4,7326 

156 

24336 

3796416 

124900 

5.3832 

107 

11449 

1225043 

103441 

47475 

157 

24649 

3869893 

12,5300 

5-3947 

to«» 

116(14 

1259712 

10,3923 

4.7622 

158 

24964 

3944312 

12,5698 

5.4061 

109 

II88I 

1 295029 

10.4403 

4.7769 

159 

25281 

4019679 

12,6095 

5-4175 

110 

uroo 

1331000 

10.4881 

4-79H 

160 

25600 

4096000 

12,6491 

5.4288 

III 

I212i 

1367631 

10.5357 

4.8059 

161 

25921 

4173281 

12.6886 

54401 

111 

1^544 

1404928 

10.5830 

4,8203 

162 

26244 

42515:8 

12,7279 

5-45 14 

113 

12769 

I442H97 

10.6301 

4,8346 

163 

26569 

4330747 

12.7671 

5.4626 

114 

12996 

1481544 

10,6771 

4,8488 

164 

26896 

4410944 

12.8062 

5.4737 

"1 

116 

*3225 

1520875 

10.7238 

4*8629 

165 

27225 

4492125 

12,8452 

5.4848 

13456 

15^0896 

10.7703 

4.8770 

166 

27556 

4574296 

12.8841 

5.4959 

n7 

13^*^9 

if)0i6i3 

10.8167 

4.8910 

167 

27S89 

4657463 

12.9228 

5.5069 

stS 

13934 

1643032 

10.8628 

49049 

168 

28224 

4741632 

12,9615 

55178 

119 

14161 

1685159 

10.9087 

4,9187 

169 

28561 

4S26809 

13.0000 

S.5288 

120 

14400 

1728000 

I0.9S4S 

49324 

170 

28900 

4913000 

13.0384 

5*5397 

111 

14641 

1771^61 

It. 0000 

4.9461 

171 

29241 

5000211 

13.0767 

5.5505 

122 

14884 

tHrqS4S 

n.0454 

4-9507 

172 

29584 

5088448 

13.1149 

5.5613 

123 

15 129 

1860867 

11.0905 

4.^)732 

173 

29929 

5177717 

'3  1529 

5-5721 

IH 

1S376 

1906624 

ii.i3<;5 

4,9866 

174 

30276 

5268024 

13,1909 

5,5828 

;ji 

15625 

1953125 

11.1803 

5,0000 

175 

30625 

5359375 

13,2288 

5.5934 

15876 

2000376 

11.2250 

5.0133 

176 

30976 

5451776 

13.2665 

5f>0Ai 

"7 

16129 

2048383 

n.2694 

50265 

177   ! 

31329 

5545233 

133041 

5.6147 

128 

16384 

2097152 

11.3137 

50397 

178 

31684 

5639752 

13.3417 

5.6252 

m 

16641 

2146689 

11.3578 

5.0528 

179 

32041 

5735339  , 

13-3791 

5^6357 

130 

16900 

2197000 

11.4018 

5.0658 

180 

32400 

5832000 

134164 

5.6462 

131 

17161 

2248091 

11.4455 

5.0788 

181 

32761 

5929741 

134536 

5,6567 

132 

»74H 

2299968 

11,4891 

5.0916 

182 

33124 

6028568 

13.4907 

5.6671 

133 

176S9 

2352637 

11,5326 

5.1045 

183 

334«9 

6128487 

13*5277 

56774 

»54 

17956 

2406104 

11,5758 

51172 

184 

33856 

6229504 

13  5647 

5.6877 

13s 
136 

1822; 

246037s 

11,6190 

5.129^? 

185 

34225 

6331625 

13.6015 

5,6980 

lK49^ 

2515456 

11.6619 

5  1426 

186 

345*^ 

6434856 

13.6382 

57083 

«)7 

iSjfjg 

2;7n53 

11.7047 

5.1551 

187 

34969 

6539203 

13.6748 

57185 

15S 

IQO44 

2'i2  8072 

» 17473 

5.1676 

188 

35344 

6644672 

137113 

57287 

139 

19321 

2685619 

117898 

5.1801 

X89 

35721 

6751269 

137477 

57388 

140 

19600 

2744000 

11.8322 

5-1925 

190 

36100 

68  <;  9000 

137840 

5.7489    1 

141 

I9SS1 

2^0^221 

11,8743 

5.2048 

T91 

3^mSi 

69^)7871 

138203 

5.7590 

HI 

20164 

2861288 

11.9164 

5,2171 

193 

36S64 

7077S88 

13.8564 

5.7690 

i43 

20449 

29*4^07 

11,9583 

5,2293 

193 

37249 

7189057 

13,8924 

5'7790 

'44 

10736 

2985984 

12,0000 

52415 

194 

37636 

7301384 

13.9284 

5-7890 

H5 

21025 

3048625 

12.0416 

5,2536 

195 

38025 

7414S75  ; 

139642 

5.7989 

146 

21516 

3112136 

12,0830 

52656 

196 

38416 

7529536 

14.0000 

5J088 

147 

11609 

3176523 

12,1244 

5.2776 

197 

38809 

7645373 

14.0357 

5.8186 

I4« 

21904 

3241792 

12.1655 

5  289^. 

198 

39204 

7762392 

14.0712 

5*8285 

149 

22201 

3307949 

12,2066 

53015 

2 

199 
73 

39601 

7880599 

14.1067 

58383 

TABLE  165.— Continued. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  200  to  299. 


No, 

Square, 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube, 

Sq.  Root. 

Cd.  Root  ' 

200 

4tXXA> 

8000000 

14.1421 

5.8480 

250 

62500 

15625000 

158114 

6.1996 

201 

40401 

El 2060 I 

H-i774 

5^8578 

251 

63001 

15813251 

15.8430 

6.3060 

20£ 

40804 

824240a 

14,2127 

5.867s 

25i 

63504 

16003008 

15^^745 

6.3164 

ZOJ 

41209 

S365427 

I4M7S 

5.8771 

255 

64009 

16194277 

15.9060 

6.3:47 

204 

41616 

8489664 

14.2829 

5. 8868 

^54 

64516 

16387064 

»5-9374 

6,3330 

20s 

42025 

8615125 

14-5173 

5.8964 

^5S 

65025 

16581375 

15.9687 

6*3411 

206 

42436 

8741816 

14.3527 

5-9059 

256 

65^%6 

16777216 

16.0000 

6.3496 

207 

42849 

8869743 

14^3875 

S-9155 

257 

66049 
66564 

16974593 

16.0312 

6.3579 

20S 

43264 

8998912 

14.4222 

5.9250 

258 

17173512 

16.0624 

6.3661 

209 

436S1 

9129329 

14.4568 

S'9345 

^59 

67081 

17373979 

16.093s 

6.3743 

210 

44100 

9261000 

144914 

5*9439 

260 

67600 

17576000 

16124s 

6-3835 

211 

445  21 

9J959J1 

14.5258 

5-9533 

261 

68121 

17779581 

1^1555 

6.J907 

212 

44944- 

9528128 

14.5602 

5.9627 

162 

6B644 

1798472B 

16.1864 

6.39S8 

313 

45569 

9663597 

14S94S 

5-97ix 

263 

69169 

18191447 

16.2173 

6.40?o 

214 

45796 

9800344 

14.6287 

5.9814 

264 

69696 

18399744 

16.2481 

Um 

215 

46225 

993S375 

14.6629 

5.1^907 

265 

70225 

1B609625 

16.2788 

64233 

it6 

46656 

10077696 

14.6969 

6.oood 

266 

70756 

I 882 1096 

16.3095 

64312 

217 

470S9 

10218313 

147109 

6.0092 

267 

71289 

19034163 

16.3401 

6.4391 

21S 

47SH 

10360232 

14-764B 

6.01 85 

268 

71S24 

19248832 
19465109 

16.3707 

6.4473 

219 

47961 

10503459 

14.79^6 

6.0277 

269 

72361 

16.4012 

645J1 

220 

48400 

10648000 

14.S324 

6.0368 

270 

72900 

19683000 

16.4317 

64631 

221 

48841 

10793 86 J 

14.8661 

6.0459 

271 

73441 

19901511 

16,4621 

6.4711  , 

222 

49184 

10941048 

14*8997 

6.0550 

272 

73984 

20123648 

16.4924 

6479- 

223 

497^9 

1 1089567 

14933^ 

6.0641 

^73 

74529 

20346417 

16.5227 

64^7^ 

224 

50176 

11239424 

14.9666 

6.0732 

i74 

75076 

20570824 

16,5529 

64951 

225 

50625 

11 390625  1 

15,0000 

6,0822 

275 

75625 

20796875 

16.5831 

6.5010 

226 

51076 

11543176 

15.0333 

6,0912 

276 

76176 

21024576 

16,6132 

6.5108 

^^7 

515^9 

llf>97o83 

ig-of/i5 

6.1002 

277 

76729 

^1253933 

16.6433 

6.5i»7 

228 

519S4 

ii8;2i^2 

15.09*77 

6.10'ji 

278 

77284 

214S4952 

16,6733 

6.5265 

229 

52441 

12008^89 

15-13^7 

6.1  i3o 

279 

77841 

21717639 

16.7033 

6.534J 

230 

52900 

12167000 

15.1658 

6.126Q 

280 

78400 

21952000 

16,7332 

6.54ii 

231 

55361 

12326391 

15.1987 

6.1358 

2H1 

78961 

22188041 

167631 

6.5499 

1^2 

53  ^^4 

12487168 

I5"^3i5 

6.1446 

282 

79524 

22425768 

167929 

6.5577 

^SJ 

s^m 

1^649337 

lj>2tH2 

6.1554 

283 

S0CS9 

22665187 

16.8226 

6.5^54 

^U 

54756 

12S12Q04 

15-2971 

6.1622 

284 

8o6jj6 

22906304 

16.8523 

6.3;7.n 

m 

55^i5 

12977^7^ 

15  3^97 

6.1710 

2S5 

81225 

23149125 

16.HS19 

6.5S08 

23^ 

55696 

13144^5'' 

15.3623 

6,1797 

2m 

81796 

23393656 

16.9115 

6.5f 

^37 

56169 

n^  12053 

15-3948 

6.1H85 

287 

82369 

236399OJ 

16.9411 

6.;9^: 

2^8 

56'H4 

134^1272 

154^7^ 

6.1972 

288 

83944 

23S87S73 

16.9706 

6.6019 

259 

57<ii 

13651919 

154596 

6,2058 

289 

83521 

24137569 

17.0000 

6.6115 

240 

57fKJ0 

13824000 

154919 

6.214s 

290 

84100 

24389000 

170294 

6.6i9t 

^41 

580K1 

MW752t 

15.5242 

6,2231 

291 

84681 

24642171 

170587 

6.6i^T 

242 

SK564 

1417^4^^ 

15-5563 

6.2317    , 

292 

85264 

24897088 

17.0880 

Urn 

243 

59049 

1 434*^907 

1 5.5^^5 

6.2403 

21)3 

85849 

25153757 

17.1172 

6.6419  ^ 

^+^    1 

59556 

14526784 

I5.r^205 

6.2488 

294 

86436 

25412184 

17-1464 

6.6+^' 

^45 

60025 

i47ofji25 

15.6525 

6.2573 

295 

87025 

25672375 

171756 

6.6569 

246 

60516 

I48S^>936 

15.6844 

6.2658 

296 

87616 

25934336 

17-2047 

6.66m 

247 

61009 

15069223 

15,7162 

6.2743 

297 

88209 

26198073 

17.2337 

6.67  IQ 

248 

61504 

15252992 

I5.74H0 

6.2828 

298 

88S04 

26463592 

17*2627 

6,67*54 

^49 

62001 

I ^438249 

157797 

6.2912 

299 

89401 

26730899 

17-2916 

66St^ 

274 


■ 

TABLE  165 

.—Contmmd. 

" 

^ 

ARES,  ClTBES»  SqU 

\RE   Roots  axd  Cube  Rnoi^   of  Nitmbers  from  300  to  399, 

\  SqaoTie* 

Cube, 

Sq.  Root. 

Cu.  Root. 

No. 

SqUBTC 

Cube. 

Sq.  Rjdot. 

Cu.  Root. 

90000 

27000000 

17.3205 

6.6943 

350 

122500 

42875000 

18.7083 

70473 

90601 

27270901 

17-3494 

6,7018 

351 

123201 

43243551 

187350 

7.0540 

9ii04 

27543608 

17.3781 

6.7092 

352 

123904 

43614208 
43986977 

18.7617 

7.0607 

91809 

27818127 

17.4069 

6.7166 

353 

124(M39 

18.7883 

7.0674 

92416 

28094464 

174356 

6.7240 

354 

125316 

44361864 

18.8149 

7.0740 

93025 

28372(125 

17.4642 

6.7313 

355 

126025 

44738875 

18,8414 
18,8680 

7.0807 

93636 

28652616 

174929 

6.7387 

356 

126736 

45I18016 

70873 

94^49 

28934443 

17.5214 

6.7460 

357 

127449 

454*;^293 

18.8944 

7.o<>40 

94864 

29218112 

17>54^>9 

6.7533 

358 

128164 

45882712 

18.9209 

7.1006 

95481 

29503629 

17.5784 

6.7606 

359 

128881 

46268279 

18,9473 

7.1072 

96100 

29791000 

17.6068 

6.7679 

360 

129600 

46656000 

18.9737 

7.113S 

9^51 

300802^1 

17.6352 

6.7752 

361 

130321 

47045881 

19.0000 

7.1204 

97344 

30371328 

17.663s 

6.7824 

362 

131044 

47437928 

19.0261 

7.1269 

97969 

30664297 

17.6918 

6.7897 

363 

131769 

47832147 

19.0526 

7.1335 

9S596 

30959144 

17.7200 

6.7969 

364 

132496 

48228544 

19.0788  1 

71400 

99225 

99H56 

3*255875 

17.7482 

6.8041 

365 

133225 

48627125 

19.1050 

7.I4<^^> 

31554496 

177764 

6,8113 

366 

133956 

49027896 

19.1311 

71531 

100489 

31855OI3 

17.8045 

6.8185 

367 

1346S9 

49430863 

19.1572 

7.1596 

101124 

32157432 

17.8326 

6.8256 

368 

135424 

49836032 

i9-i8;3 

7.1661 

101761 

3H6i759 

17.8606 

6.8328 

369 

136161 

50245409 

19.2094 

7.17^6 

102400 

32768000 

17.888; 

6,8399 

370 

136900 

50653000 

19.2354 

7.1791 

103041 

33076161 

17.9165 

6.8470 

371 

137641 

51064811 

19.2614 

7.1855 

103684 

33386248 

'7-9444 

6,8541 

372 

138384 

51478848 

19.2873 

7.1920 

i<H3-9 

33698267 

17'9722 

6,8612 

373 

I 391 29 

51895117 

19-3132 

7.19«4 

104976 

34012224 

18.0000 

6.8683 

374 

139876 

52313624 

19.3391 

7.2048 

10562 s 

106276 

34328123 

18.0278 

6,8753 

375 

140625 

52734375 

193649 

7.2112 

34645976 
349<^^5783 

18.0555 

6.S824 

376 

Hi  376 

53157376 

19,3907 

7.2177 

106929 

i8,o8u 

6.S894 

377 

142129 

535^2633 

19.4165 

7.2240 

107^84 

352«755i 

18.1108 

6.8964 

37S 

142884 

54010152 

19^4422 

7.2304 

108241 

3561 1289 

18,1384 

6.9034 

379 

143641 

54439939 

19,4679 

7.2368 

108900 

35937000 

18,1659 

6.9104 

380 

144400 

54872000 

194936 

7-3432 

109561 

362646Q1 

18.1934 

6.9174 

3S1 

145161 

55106^41 

19.5192 

7.2495  1 

110224 

*365i>4368 

18.2209 

6.9244 

382 

145924 

55742968 

19.544" 

7.255S 

HO889 

36926037 

18.2483 

6-9313 

383 

146689 

56181887 

19.5704 

7,2622 

II 1556 

37259704 

18,2757 

6.9382 

384 

147456 

56^^21104 

195959 

7.2685 

112225 

37595375 

18.3030 

6,945 1 

3^^ 

148225 

57066625 

19.6214 

7,2748 

H2896 

37933056 

1^.3303 

6.9521 

386 

148996 

57512456 

19.64':^ 

7.2811 

II3569 

3827275^ 

18.1576 

6.9589 

3S7 

1497^9 

57c?6o6o3 

19.6721 

7.2874 

114^44 

38^t4472 

18.3848 

6.9658 

388 

150544 

58411072 

19.6977 

7.2936 

II4921 

38958219 

18.4120 

6.9727 

389 

151321 

58863869 

19.7231  1 

7-2999 

115600 

393^000 

184391 

6.9705 

590 

152100 

59319000 

19.7484 

7.3C^>i 

J162R1 

39651821 

18.1662 

6.9864 

391 

152881 

59776471 

197757 

73124 

116964 

40001688 

184932 

6.9932 

392 

153664 

60236288 

197990 

7.3186 

117649 

■  '  ■" 

18.520? 

7.0000 

393 

154449 

60698457 

19.8242 

7^3248  1 

118336 

18.5472 

7.0068 

394 

155236 

61162984 

19.8494 

7.3310 

119025 

4»v'.'>w»5 

18.5742 

7.0136 

395 

156025 

61629875 

19.8746 

7-3372 

II9716 

4I42I736 

18.601 1 

70203 

396 

156816 

62099136 

19.8997 

7.3434 

120409 

41781923 

18.6279 

7.0271 

397 

157609 

62570773 

I99M9 

7-3496 

121 104 

42I44I9J 

18.6548 

7.0338 

398 

158404 

63044792 

19.9499 

7.355^ 

I218OI 

4250^549 

18.6815 

7.0406 

399 

159201 

63521199 

19.9750 

7.3619 

■ 

! 

2 

75 

^ 

r 

TABLE  165.— Continued. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  400  to  499. 


No. 

Square. 

Cube. 

ESQ.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

sa.  Root.  1 

Cu.foifflt 

4CX) 

160000 

64ivyx>00 

20.0000 

7^3681 

450 

202500 

91125000 

11.3132 

rm 

401 

160801 

644Siaoi 

20.0250 

7-3  743 

451 

203401 

91733851 

11.2368 

7,6688 

40i    1 

161604 

64964808 

20.0499 

7^3803 

452 

204304 

9*345408 
92959677 

21.160J 

7.674* 

403 

162409 

65450827 

20.0749 

7.38^4 

453 

205209 

3i.i8j8 

7.6901 

4^*4 

163216 

65939264 

20.0998 

7-39^5 

454 

206116 

93576664 

31.3073 

7Ms7 

40s    ' 

164025 

66430125 

20.1246 

7.3986 

45  S 

207025 

94196375 

11.3307 

7.6514 

406 

164836 

669234 iG 

20.1494 

7-4^7 

456 

207936 

94818816 

21,3541 

7-6??o 

407 

165^49 

67419143 

20.1742 

7.4108 

457 

20S849 

95443993 

21.3776 

7-7^6 

408 

166464 

<^79i73ii 

10.1990 

7.4169 

458 

209764 

^1071912 

11.4009 

7.70*2 

409 

167281 

68417929 

20.2237 

7-4^29 

459 

210681 

96702579 

11.4243 

7-7ij8 

410 

168100 

68921000 

2O.24S5 

74290 

4f^ 

21 1600 

97336000 

21-4476 

77J94 

411 

1 6892 1 

6942653 1 

20.273  ' 

743SO 

461 

212521 

97972181 

21.4709 

7.7250 

412 

169744 

699345 28 

20.2978 

7.4410 

462 

213444 

98611128 

21.4941 

7.7306 

41J 

170369 

70444997 

20.3224 

7.4470 

463 

214369 

99252847 

21-5174 

7-7363 

4H 

17139^ 

70957944 

20.3470 

74S30 

464 

215296 

99897344 

,  21.5407 

7.7+18 

4IS 

17222s 

71473175 

20.3715 

74590 

465 

216225 

100544625 

11.5639 

7-7173 

416 

173056 

7I99I29«> 

20.3961 

7.4650    1 

466 

217156 

101194696 

21.5870 

7*75^9 

4'7 

mm 

72511713 

20.4206 

74710 

467 

218089 

101847563 

11. 61 02 

7.7584  i 

41S 

174714 

73034632 

20.4450 

7-4770 

468 

219024 

JO2503232 

21.6333 

7-7*39 

419 

i7SS«>i 

73560059 

20.4695 

7.4829 

469 

219961 

103161709 

,  11.6564 

77695 

420 

176,100 

740SS000 

20.4939 

7.4889 

470 

120900 

103823000 

21.6795 

7^7750 

421 

I 77241 

74618461 

20.5  1S3 

7.4948 

471 

221841 

104487111 

11.7035 

7.7805 

422 

178084 

75151448 

20,5426 

7.5007 

471 

222784 

105154048 

21.7256 

7.7860 

4*3 

17S929 

756S6967 

20.5670 

7.5067 

473 

223729 

105S23817 

31.7486 

7*7913 

4^4 

179776 

76225024 

20.5913 

7.5126 

474 

224676 

106496424 

31.7715 

7'797C' 

4^5 

180625 

76765625 

20,6155 

75185 

475 

225625 

107171875 

21.7945 

7.Roii 

416 

181476 

77308776 

20.6398 

7-5^44 

476 

226576 

1078 501 76 

21.8174 

7.S079 

4^7 

1S2329 

77B544S3 

20. ''/HO 

7.5302 

477 

227529 

108531333 

21.8403 

7il34 

4Z% 

SHJ184 

78402752 

20.6SS2  i 

7-53f'i 

47« 

22f^4«4 

109215352 

zi.P6-,2 

7.8ib't 

4^9 

184041 

789535^9 

20.7123 

7-54^0 

479 

229441 

109902239 

21,8861 

7'^m 

410 

1S4900 

79507000 

20,7364 

7^5478 

480 

230400 

110592000 

21.9089 

7.8397 

4ji 

lKq76l 

80062WI 

20.7^05 

7-5537 

481 

:U36i 

111284641 

21.9317 

7.8j5i 

43^ 

I 86624 

80621568 

20.7846 

7.S59S 

4S2 

232324 

11 1980168 

21-9545 

7.S40t* 

433 

1S7489 

811^2737 

20.80S7 

7-5^^54 

4S3 

2332R9 

112678587 

21.9773 

7..B460 

43+ 

188^6 

81746^04 

20.8327 

75712 

484 

2342Sfi 

[13379904 

22.0000 

^^^11 

43^ 

18922s 

82-^uS7^ 

20-.  8  5  67 

7.5770 

48s 

-35225 

11408412<^ 

22.0227 

7.8,# 

436 

npot>6 

828818^6',   20.8f<o6 

7.5828 

4R6 

236196 

114791256 

22.0454 

7.86:1 

4J7 

J909^»9 

«3453453 

20.9045 

7.5S86 

487 

237169 

115501303 

22.06S1 

7^S*7^ 

43« 

191844 

S4027672 

20,9^^4 

7  5944 

4R8 

238144 

116214272 

22.OQ07 

7^8730 

439 

192721 

84604519 

20.9523 

7.6001 

489 

239I2t 

116930169 

22.1133 

7i7^ 

440 

195600 

85184000 

20,9762 

7.^059 

490 

240100 

117649000 

22.1359 

7.8^-7 

441 

19448 I 

85766121 

21.0000 

7/1I17 

491 

241081 

1 18370771 

22.1585 

j.m 

44^ 

195364 

86350B8S 

21.0238 

7.6174 

402 

242064 

11Q095488 

22.1811 

7*944 

443 

196249 

sauH^oj 

21.0476 

7-6232 

493 

343049 

119823157 

22.2036 

7B# 

444 

197136 

875^^384 

21.0713 

7.6289 

4^4 

244036 

120553784 

22.2261 

7-9°?^ 

445 

198025 

8R121125 

21.0950 

7.6346 

495 

245025 

121287375 

22.2486 

79tOj 

446 

11^89 16 

BS716536 

2I.IIS7 

7.6403 

4^ 

246016 

122023936 

22.2711 

7.915S 

447 

109^09 

gg3 14623 

21.1424 

7.6460 

497 

247009 

123763473 

22.2935 

7.91U 

44S 

1150704 

89915392 

21.1660 

7.6517 

498 

248004 

12350599^ 

12.3159 

7-9264 

449 

201601 

90518849 

21,1896 

7^6574 

499 

249001 

124251499 

12.3383 

7931? 

276 


P 

TABLE  165 

. — Canti  fitted. 

' 

m 

DARES,  Cubes,  Squajce  Roots  and  Cube  Roots  of  Numoers  from  500  to  599. 

1 

SQuare,  | 

Cube.    Sq.  Root.  ; 

Cu,  Root. 

Ko. 

Sijuure, 

Cube. 

Sci.  Root. 

Cii.  RooL 

n 

J 

2500CX> 

125000000 

22.3607 

79370 

550 

302500 

166375000 

23.4521 

8.1932 

251001 

125751501 

22.3830 

79423 

55 1 

303601 

167284151 

234734 

S.1982 

■ 

252004 

126506008 

22.4054 

7.9476 

552 

304704 

168196608 

234947 

8.2031 

■ 

253009 

127263527 

22.4277 

7,9528 

5S3 

305809 

169112377 

23.5160 

8.2081 

1 

254016 

128024064 

224499 

7.9581 

554 

306916 

170031464 

23.5372 

8.2130 

I 

255025 

128787625 

22.4722 

7.9634  1 

555 

30H025 

170953875 

23  5584 

8.2180 

I 

I 

256036 

129554216 

22.4944 

7.9686 

556 

309136 

171879616 

23  5797 

8.2229 

I 

Ik 

2570A9 
258064 

130323843 

22.5167 

7-9739 

557 

310249 
311364 

172808693 

23.6008 

8.2278 

M 

■ 

13 10965  1 2 

22.5389 

7.9791 

SS8 

173741112' 

23.6220 

8.2327 

■ 

1 

2590^1 

131872229 

22.5610 

7.9843 

559 

312481 

174676879! 

23.6432 

8.2377 

1 

P 

260100 

132651000 

22.5832 

7.9896 

560 

313600 

175616000 

23.6643 

8.2426 

■ 

t 

261121 

«3343-«3i 

22.6053 

7.9948 

561 

314721 

1765584S1 

23.6854 

8,2475 

2 

262144 

1 343 1 7728 

22.6274 

8.0000 

562 

315844 

177504328 

23.7065 

8.2524 

^! 

11 

263169 

135005697 

22.6495 

8,0052 

563 

316969 

178453547 

23.7276 

8.2573 

^4 

264196 

135796744 

22,6716 

8.0104 

564 

318096 

179406144 

237487 

8.2621 

i 

265225 

136590875 

22.6936 

8.0156 

56s 

319225 

180362125 

23.7697 

8.2670 

266256 

13738801)6 

22.7156 

8.0208 

566 

320356 

181321496 

23.7908 

8.2719 

17 

267289 

138188413 

22,7376 

8.0260 

567 

321489 

182284263 

23.8118 

8.2768 

[8 

268324 

138991832 

22.75*76 

8.0UI 

568 

322624 

183250432 

23.8328 

8.2816 

1 

269361 

I 397983 S9 

227816 

8.0363 

569 

323761 

184220009 

23.8537 

8.2865  ' 

i 

270400 

140608000 

22.S035 

8.0415 

570 

324900 

185193000 

23.8747 

8.2913 

n 

27I44« 

141420761 

22.8254 

8.0466 

571 

326041 

I 86 1694 11 

23.8956 

8.2C762 

u 

272484 

142136648 

22.8473 

8,0517 

S72 

327184 

187149248 

23,9165 

8.3010 

ts 

2735^9 

143055667 

22.8^192 

H.os^x; 

573 

328329 

188132517 

239374 

8.3059 

K4 

^74576 

143877824 

22.S910 

8.0620 

574 

329476 

189119224 

23*9583 

8.3107 

^1 

27^7^ 

144703125 

22.9129 

8.0671 

5^5 

33062s 

190109375 

23.9792 

8.3155 

& 

H3531S76 

22.9347 

8.0723 

576 

331776 

191 102976 

24.0000 

8.3203 

i 

277729 

146363183 

22.9565 

8,0774 

577 

332929 

192100033 

24.0208  , 

8.3251 

■ 

1787«4 

147197952 

22.9783 

8,0825 

578 

334084 

193100552 

24.0416 

8,3300 

1 

27984J 

148035889 

23.0000 

8.0876 

579 

335241 

194104539 

24.0624 

8.3348 

f 

280900 

148877000 

23.0217 

8.0927 

580 

336400 

195112000 

24.0832 

8-3396 

11 

281961 

1 4972 1 291 

23.0434 

8.ot>78 

581 

337561 

i«>6i2294t 

24.1039  I 

8.3443 

\t 

283024 

150568768 

23.0651 

8.1028 

5«2 

338724 

197137368 

24' 1 247 

8.5491 

II 

284089 

i5Ui9437 

23.0868 

8.1079 

^l^ 

339889 

198155387 

241454 

8.3539 

^ 

285156 

152273304 

23.1084 

8.1130 

584 

341056 

199176704 

24.1661 

8.3587 

^s 

286225 

153 '30375 

23.1301 

8.  It  80 

5!5 

342225 

200201625 

24.1S68 

8.3634 

16 

287296 

153990656 

23'i5i7 

8.r23i 

586 

343596 

201230056 

24.2074 

8.3682 

17 

288369 

154854153 

231733 

8.1281 

587 

344569 

202262003 

24.2281  ' 

8.3730 

Hi 

t 

289444 

155720872 

23.1948 

8.1332 

588 

345744 

203297472 

24.2487 

8.3777 

1 

290521 

156590819 

23.2164 

8.1382 

589 

346921 

204336469 

24.2693 

8.3825 

1 

291600 

157464000 

23  2379 

8.1433 

5«:>o 

348100 

205379000 

24.2899 

8.3872 

d 

292681 

15834042 I 

232594 

8.1483 

591 

349281 

206425071 

24.3105 

8.3919 

■ 

^93764 

159220088 

23^2809 

8.1533 

592 

350164 

207474688 

24.3311 

8,3967 

V 

13 

294^49 

160103007 

23.3024 

8.1583 

593 

351649 

208527857 

24.3516 

8.4014 

m 

H 

295936 

1609SQ184 

23.3238 

8.1633 

594 

552836 

209584584 

24.3721 

84061 

m 

ts 

297025 

161B7S625 

23.3452 

8,1683 

595 

354025 

210644875 

24.3926 

8.4108 

■ 

t6 

298116 

162771336 

23.3666 

8.1733 

596 

355216 

211708736 

244131 

84155 

■ 

(7 

299^09 

i6j667U^^ 

2  3.^tHHo 

8.1783 

597 

356409 

212776173 

244336 

84202 

■ 

jL 

300304 

164566592 

234094 

8,1833 

598 

357604 

213847192 

24.4540 

8.4249 

■ 

1 

301401 

16546.^149 

234307 

8,1882 

599 

358801 

214921799 

244745 

8.4296 

1 

B 

2 

77 

_ 

^ 

J 

^ 

^ 

1^ 

TABLE  16S.—CofUinued. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  600  to  699. 


So. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Sfjyaje. 

Cube, 

Sq.  Root. 

Cii.  Um 

6no 

360000 

2160000OD 

244949 

8-4343 

650 

422500 

274625000 

154951 

8.6624 

601 

361201 

217081801 

H^S^SS 

&4390 

65  J 

423801 

275^94451 

255147 

B.ms 

602 

362404 

218167208 

^4-5357 

B-4437 

652 

425104 

277167808 

25  5343 

8.6711 

603 

J63609 

219256227 

24,5561 

8.4484 

653 

426409 

278445077 

255539 

B.6757 

G04 

364816 

22034BS64 

H*i7H 

8.4530 

654 

427716 

279726264 

25^5734 

8.*S0l 

60s 

36602s 

221445125 

24.5967 

84577 

65s 

429025 

281011375 

255930 

8.6S45 

606 

367^36 

222e;450i6 

24.6171 

8,4623 

656 

430336 

282300416 

25.6125 

8.6890 

607 

368449 

213648543 

^.6374 

8.4670 

6S7 

431649 

1S3.593393 

25,6320 

8.69H 

60S 

369664 

224755712 

^4'6S77 

8.4716 

658 

342964 

2848903 u 

25-6515 

Mm 

&)9 

370881 

225866529 

24.6779 

S4763 

659 

434281 

28619 II 79 

25.6710 

npj2 

610 

372100 

2269B1000 

24,6982 

84809 

660 

435600 

287496000 

256905 

8,7066 

6n 

3733^1 

22809913 1 

24,7184 

8.4856 

661 

436921 

2888047 Si 

2S-A»99 

B7n& 

612 

374544 

229220928 

24.7386 

84902 

662 

438244 

290117528 

257294 

8-7JI4 

613 

375769 

13034*^397 

2475S8 

8494S 

663 

439569 

291434247 

25.7488 

§719^ 

6t4 

376996 

^3H7SS44 

147790 

8.4994 

664 

440896 

292754944 

35.7682 

g.7241 

615 

378225 

232608375 

24.7992 

8,5040 

66s 

+42225 

2940/9625 

25,7876 

8,7115 

616 

379456 

233744896 

24,8193 

8.;oli6 

666 

443556 

295408296 

25.S070 

87339 

617 

3806S9 

234885113 
236029032 

24.8395 

8.5132 

667    1 

444889 

296740963 

15.8263 

87)75 

61S 

381924 

24.&596 

8,517s 

668 

446224 

298077632 

25.8457 

%we 

6ig 

383161 

237176659 

24,8797 

8.5224    ; 

669 

447561 

299418309 

25.8650 

8.7460 

620 

384400 

238328000 

24.8998 

8.5270 

670 

448900 

300763000 

25.8844 

%.7PJ 

621 

385641 

239483061 

24.9199 

8-5316 

671 

450241 

301^1711 

259037 

87547 

622 

5868B4 

24064 I 84S 

24.9399 

8.5362 

672 

4515B4 

303464448 

25.9230 

8.7?90 

623 

388129 

241804367 

24.y6og 

8.5408 

673 

452929 

304821217 

25.9422 

8rfij4 

624 

3893 7^ 

242970624 

24.9800 

85453 

674 

454176 

3061B2024 

25.9615 

8.7677 

62s 

390625 

244140625 

25-OOOO 

85+99 

67s 

455625 

307546875 

25.9808 

P.77Ji 

626 

IQ1876 

245314^76 

25.0200 

8-5544 

676 

456976 

308915776 

26.0000 

t77i^ 

627 

3<33i^9 

24649 I 8S3 

25,0400 

H.5590 

677 

458329 

31028K733 

26.0192 

87^: 

628 

J943S4 

24767^152 

2sosm 

8.5635 

678 

459^>84 

31 1665752 

26.0384 

8  7^50 

629 

395641 

24885 S 189 

25.0799 

8.5681 

679 

461041 

313046839 

26,0576 

B-7^5 

6^0 

396900 

2^0047000 

25.0998 

S.5716 

680 

462400 

314431ODO 

26.0768 

^■791^ 

631 

39^161 

25r2395yi 

25.1197 

8-5772 

681 

463761 

315821241 

26.0960 

^7^^ 

632 

3994^4 

252435968 

25.1396 

8.5817 

68z 

465124 

317214568' 

26.ii;i 

P.fo:] 

^^33 

400689 

2=;  3^1^61 37 

iviS95 

8.5862 

683 

4664^9 

318611987 

26.13^3 

g.Fot* 

634 

401956 

254840104 

^5-1794 

8-5907 

684 

467856 

320Q15504 

26.1534 

^.8109 

63s 

403225 

256047S75 

25.1992 

85951 

6S5 

469225 

321419125 

26.1725 

iSm 

1    636 

404496 

1^7159456 

2S.2njo 

8,591// 

686 

470596 

322S28856 

26.1916 

S.819I 

637 

4057^59 

^58474^55 

25.2389 

86043 

687 

471969 

124242703 
325^*60672 

26.2107 

B.»i;r  1 

638 

407044 

259694072 

25  2587 

8  6088 

688 

473344 

26  2298 

8.^2^ 

639 

408321 

260917119 

ivi7B4 

86132 

6S9 

474721 

3270S2769 

26.2488 

%Mi} 

640 

40960a 

262144000 

25.29R2 

fi6i77 

690 

476100 

32S509000 

36.2679 

e.S)^ 

641 

4Io^S8i 

26317471' 

2;.3iHo 

8.6222 

6c;i 

4774S1 

329939371 

26.2869 

^.S4&S 

642 

412164 

264609288 

^v3377 

8.6267 

692 

478864 

331373888 

26.3059 

m>^ 

643 

413449 

265847707 

15-3574 

8,6312 

693 

480249 

332S12557 

26.3249 

t^^r; 

644 

414736 

267089^^84 

25  3771 

8-6357 

69+ 

481636 

3342553^4 

26,3439 

Us}^ 

^Hj 

416025 

26833612^ 

25  59<^^ 

8,6401 

69s 

48302s 

335702375 

363629 

Uyl^ 

646 

41731^ 

26958613^ 

25.4165 

8.6446 

696 

337153536 

26.3818 

Bg6:i 

H? 

418609 

270S40013 

25  4362 

1    86490 

697 

$%9 

338608873 

264008 

^m\ 

64S 

4'WCJ4 

272097792 

25.455^ 

3  6535 

698 

487204 

340068392 

264197 

8^70*' 

649 

42T^OI 

173359449 

i3'4755 

8.6579 

699 

488601 

341532099 

264386 

F>74^ 

n^ 


TABLE  165,— Cantinued. 

pARKS^   CUBBS,  SqUAILE   RoOTS  AND   CUBE   ROOtS  OF   NUUBERS   F&OM   TOO  TO  799* 


SqutuTf, 


Cutte. 


S-j.  Root-      Cm.  Root, 


Square* 


Cube.         S.|.  Root.     Cu.  Roiit 


490000 
49*401 
49^804 

494209 
495616 

+970^5 
49H436 

4995^49 
5012(14 
502651 

SO4IOO 
505511 

50^^44 
50S369 
509796 
5UI25 
512656 
5140^9 

516961 

518400 
S»9^' 

521^84 

S22729 

524176 

5- 
5299S4 

S3U41 

53^900 
534.1<^» 

5372^9 
25 


547600 
549081 

552049 
555536 

555025 
556516 
558009 

559504 

561001 


343000000 
544472101 
J4594S40K 
34742S927 
34S9i-»664 
350402625 
351895816 

35339'3243 
354S94912 

356400829 


357911000 
359425431 

3609441 2H 
362467097 

363994344 
365525875 

367o6i6t;j6i 
36^601813' 
370146212 
371694959 

373048000 
374805361 
376367048 
377933067 
I7q;o^424 


3.'^^82S3;;2 

13874204H9 

■  I  ■  N 

393*>3'i*=^37 
395446904 
397065375 
398688256 
400315553 
401947^72 
4035^3419 

"- -^o 

:l 

1410172407 

4itH307'H4 

413493625 

4l5l''r*i36 

4ir, 

41H 

4201 ->/4'.' 


264575 
26  4764 
2^4955 
26.5141 
26.5330 
26.551s 
26.5707 
26.5895 
26.6o«3 
26.6271 

26.6458 
26.C/>46 
26.6S13 
26.7021 
26.7208 
26.7395 
26.75  Si 
26.7769 

26- 795  > 
26.8142 

a6.8u8 
26.8514 
26.8701 
26.8887 
26.Q072 


26.9815 
27.0000 

27^0185 
270370 
27A555 
27-0740 
27.0924 
27.1109 
271291 
27^»477 
27.i6«'a 
27.1846 

27.2029 
27*2^13 
27  2397 

27-25K0 

27^27^4 
27.2947 
27  3  no 


8.871)0 

8.88^,3 
8.KS75 
8.S917 
8.8959 
8,9001 
8.9043 
8.9085 
8.9127 
8.9169 

8.9211 
8.9253 
8.9295 
8.9337 
8.9373 
8.9420 
S.9462 

8,9  ;o^ 

^>9;4^ 
8.95  87 

8.9628 
8.9670 
8.9711 
89752 

8.9704 


8.'>959 
9.0000 

9.0041 
9.0082 
90123 
9,0164 
9.0205 
9.0246 
9.0287 
9.0328 
903f>9 
9.0410 

9.0450 
9.0491 
90532 

g.aq72 
9.0*^13 
9,0654 
00/194 


750 
751 

752 
753 
754 
755 
756 
757 
758 
759 

760 
761 
762 
763 
764 
765 
766 

7'^-'7 
768 
769 

770 
77* 
7?^ 
773 
774 
775 
776 
777 
778 
779 

780 
781 
782 

7«3 
784 

785 
786 

7S7 
788 
789 

790 
791 
79i 
793 
794 
795 
796 
797 
798 
799 


562500 
564001 

565504 
567009 
568516 
570025 
571536 
573049 
574564 
576081 

577600 
579121 
580644 
582169 
583696 
585225 
>K6756 
588289 
';89824 
591361 

592900 

59444* 

595984 

597529 
599076 
600625 
602176 
603729 
605284 
606841 

60S400 
6o9«>6i 
61 1 524 

613089 
614656 
616225 
617796 
619369 
620i;44 
622521 

624100 
625681 
627264 
628849 
630436 
632025 
633616 
635209 
636804 
638401 


421875000 


428fj6io64 
430368875 
432081216 
433798093 
4355»9512 
437245479 

438976000 
44071 1081 
442450728 
444194947 

445943744 
447*397125 
449455096 
451217663 
452984832 
454756609 

45653^000 
458314011 

|^iOOOf?6|R 


470^)10952 
472729139 


474552000 

4763 7954* 
478211768 
480048rjK7 


489303872 
491169069 


27.3861 

274044 
274226 

27.4408 
27.4591 
274773 
274955 

27^5  "36 
27.5318 
27.5500 

27.5681 
27.5862 
27^6043 
27,6225 
27.640; 
27.6586 
27.6767 
27.0)48 
27.7128 
27.7308 

277489 
27.76e39 

27.7«49 


27.8927 
27.9106 

27.9285 

27.9464 
27.9643 

27.9821 
28.0000 
28.0179 

28.0357 
28.0535 
2H.071] 
38.0891 

28. 1069 
28  1247 
2«  Tir- 


502459875!    28.1957 
-041- 833 ^^    28.2135 


9.0856 

9.0896 

9-0*>i7 

9'om 
9.1017 

91057 
9.1098 
9.1138 
9^178 
9.1218 

9-1258 
9.1298 
91338 
9.1378 
9.U18 

9.i4;H 
9  ^V^^ 
9.i5w 
9-1577 
9.1617 


9.1657 
9,1696 
Q.17^6 

91775 
01815 


9.1973 
9.2012 

9.2052 
9,20qt 
9.2130 
9.2170 
9.2209 

9.2248 
9.2287 
9.2326 
9  2365 
9,2404 

9.2443 
9.2482 


9.:'^i^ 

9--''77 
9.2716 

9.2754 
9.2795 


TABLE  165.— CatUinued. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  800  to  899. 


No. 

Square. 

Cube. 

Sq.  Root, 

Cu.  Root. 

No. 

SQuare. 

Cube, 

Sq.RflOt, 

Cu.  R^ 

800 

64OOQO 

S120O0OOO 

18.2843 

g.2831 

850 

722500 

6141Z5000 

29.1548 

94727 

801 

64 160 I 

513922401 

28.3019 

9,1870     ' 

851 

724101 

616295051 

19,1719 

94761 

S02 

643204 

515^49608 

28,3196 

9.2909 

852 

725904 

618470208 

29.1890 

94801 

803 

644809 

517781627 

28.3373 

9,1948 

1    853 

727609 

620650477: 

29,2061 

9,413s 

804 

646416 

5(9718464 

28.3549 

9.2986 

8s4 

729316 

612835864 

29^2233 

9487s 

80s 

64802s 

521660125 

28.372s 

9.3025 

8S5 

731025 

615026375 

,    29.2404 

94912 

Sq6 

649636 

523606616 

28.3901 

9.3063 

1    856 

732736 

627222016 

29^2575 

94949 

807 

651249 

Si5SS7943 

28.4077 

9.3102 

;  857 

734449 

629422793 

29.2746 

9.4986  1 

8dS 

652864 

527514112 

28.4253 

9^3140 

858 

736164 

63162S712 

29,2916 

94m 

809 

654481 

529475129 

28.4429 

9-3179 

;    8S9 

737881 

^33^59779 

29.3087 

9.5063 

SlQ 

656100 

531441000 

28.4605 

9.3217 

860 

739600 

636056000 

19,3158 

9"S097 

811 

657721 

S334'i73i 

28.47S1 

9.3^55 

861 

741321 

638177381 

29,3428 

9-S134 

B[£     , 

6S9144 

53^3^73 28 

28.4956 

9-3294 

862 

743044 

640503928 

29-3598 

9,51?! 

813 

660969 

537367797 

28.5132 

9,3332 

863 

744769 

641735647 

29,3769 

9.5307 

814 

662596 

539ISJ144 

28.5307 

9*3370 

864 

746496 

644972544 

29<3939 

9'Sm 

8IS 

66422s 

54 1 343 J 7S 

28.5482 

9.3408 

B65 

74822s 

64721462s 

294109 

9.Sifli 

816 

665856 

543338496 

28  5657 

9*3447 

866 

749956 

64946 I S96 

29,4279 

95317  1 

SI7 

667489 

545338513 

28.5832 

9- 348s 

867 

751689 

651714363 

29-4449 

9.S554 

818 

669124 

54734343^ 

28.6007 

9.35^3 

868 

753424 

65.1972032 

29.4618 

95391 

&I9 

670761 

S493S32S9 

28.6182 

9*35^1 

869 

755161 

656234909 

294788 

9-5427 

820 

6721!  00 

551368000 

28.6356 

9-3599 

S70 

756900 

658503000 

29495S 

9*54^ 

g2t 

674041 

553387661 

28.6531 

9-3<^37 

871 

758641 

6607763 1 1 

29,5117 

9SS0I 

821 

6756S4 

555412248 

18.6705 

9*3675 

871 

760384 

663054848 

29.5296 

9-5537 

823 

677329 

55744^767 

18.6880 

9-3713 

873 

762129 

665338617 

19,5466 

9-5574 

824 

678976 

559476224 

287054 

93751 

874 

763876 

667617614 

29.5635 

9.561D 

B25 

680625 

561515615 

28  7228 

9*3789 

875 

765625 

66992187s 

29.5SC4 

9.5% 

826 

682276 

563559976 

28-7402 

9.3827 

876 

767376 

672221376 

29^5973 

9-5^j 

827 

683929 

5656092S3 

28.7576 

9.3865 

877 

769129 

674526133 

29.6142 

9-5719 

828 

6^y-^H 

567665551 

28.7750 

9.3902 

878 

770884 

676836152 

29  63 1 1 

9-575f' 

829 

687241 

5^'972^789 

28.7924 

9.3940 

879 

772641 

6791SU39 

29.6179 

9-579^ 

810 

68  R  900 

571787000 

28,8097 

9*3978 

8S0 

774400 

681472000 

29.6648 

9.5^:s  ; 

83  T 

690561 

573856191 

28.8271 

9.4016 

BR  I 

776161 

683797841 

29-6816 

9'<^>  ' 

S32 

6fj2324 

575930368; 

28.8444 

94053 

S82 

777924 

6861 28968 

29-6985 

9-5901 

833 

693889 

57S009537 

28.S6I7 

94091 

8R3 

779^,89 

688465387 

29,7153 

96^11 

R34 

695556 

580093704 

2R.879I 

9.4129 

884 

7^1456 

690807104 

29.7321 

9-m 

SJS 

6f>7325 

58218287:; 

28.8964 

9.41(16 

885 

783225 

693154125 

297489 

9.6010 

836 

69S8f>6 

584277056 

28.9137 

9.4^04 

8K6 

784096    1 

695506456 

297658 

9.6cm* 

8^7 

700569 

586376253 

28.9510 

9.4241 

887 

786769 

697864103 

29  78:15 

^M: 

838 

702244 

58S480472 

28,9482 

9.4279 

888 

788544 

700227071 

29*79Q5 

9.6jifi 

8J9 

7039^1 

590589719 

28,9655 

9.4316 

889 

790321 

702595369 

29.8161 

9^114 

840 

705600 

592704000 

28.9828 

943S4 

890 

792100 

704969000 

29.8329 

9.6l?3 

Hi 

707281 

594823321 

29UOUO 

94:^91 

891 

793881 

707347971 

19.8496 

9.62:6 

Hi 

708964 

596947688 

2901 73t 

9.4429 

892 

795664 

70973 128B 

29.8664 

9.6:6: 

Hi 

710649 

599077107 

29.0345 

9.4466 

893 

797449 

712121957 

29,8831 

9.6:qS 

844 

712336 

60121 1584 

29.0517  1 

94503 

894 

799236 

714516984 

19.8998 

9-6]J4 

845 

71402s 

603351125 

29.0689  1 

94541 

895 

801025 

716917375: 

29.9166 

9.6j7J 

846  1 

715716 

605495736 

29,0861    [ 

94578 

8.36 

801S16 

719323136 

29-9333 

9.fi|D6 

847 

717409 

607645423 

29.1033 

9.4615 

897 

804609 

721734273 

29.9500 

9.644^ 

848 

7191D4 

609800192 

29-1204 

94652 

898 

&06404 

724150792 

29.9666 

9^77 

S49 

720801 

611960049 

29,1376 

9.4690 

899 

808201 

726572699 

29-9^33 

9.6;t3 

280 


TABLE  165— Continued. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  prom  900  to  999. 


Q. 

Sduare.^ 

Cube, 

Sq.  Root. 

Cu.  Root. 

No- 

Square, 

Cube. 

Sq.  Root. 

Cu.  RiKit. 

» 

gtoooo 

729000000 

30.0000 

9-6549 

950 

902500 

857375000 

30.8221 

9.8305 

)I 

SllSoi 

73 143 2701 

30.0167 

9.6585 

951 

904401 

860085351 

30.8383 

98339 

n 

813601 

733870S08 

30^0333 

9.6620 

952 

906304 

862801408 

30^8545 

9.»374 

>3 

815409 

736314327 

30.0500 

9.6656 

953 

908209 

865523177 

3O.H707 

9.840K 

H 

S17216 

738763264 

30.0666 

9.6692 

954 

91O116 

868250664 

30,R8f)9 

9.H443 

H 

819025 

741217625 

30,0832 

9.6727 

955 

912025 

870983875 

30.9031 

9-8477 

36 

820S36 

743677416 

30.099a 

9.6763 

956 

913936 

B73722816 

30.9192 

9.8511 

37 

822649 

824464 

746142643 

30.1  [64 

9.6799 

957    1 

915849 

876467493 

30.9354 

9,8546 

3$ 

748613312 

30.1330 

9.6834 

95S    , 

917764 

879217912 

30.95*6 

9.K5H0 

39 

8262^1 

751089429 

30.1496 

9.6870 

959 

9 1968 I 

S8 1974079 

30.9677 

9.fl6i4 

10    ' 

8 28 100 

7S357iax> 

JO.  1662 

g.6905 

960    i 

921600 

884736000 

30.9R39 

9fi64H 

u 

829921  : 

756058031 

30.1818 

9.6941 

961 

923521 

887503681 

>  31.0000 

9.K683 

11 

§31744  1 

758550528 

301993 

9.6976 

96* 

925444 

890277128 

31.0161 

9.»7I7 

n 

8J3S^ 

761048497 

30*2159 

97012 

963 

927369 

893056347 

31.0322 

9.875 1 

H 

835396 

763551944 

30.2324 

9.7047 

964 

929296 

89584" 344 

31  0483 

9,K785 

iS 

8372^5 

766060875 

30.2490 

9.7082 

96s 

931225 

898632125 

31.0644 

9.8819 

16 

839016  , 

76S575296 

30.2655 

9.7118 

966 

933^56 

901428696 

31.0805 

9.8854 

17 

8408S9 

771095*13 

30.2820 

97153 

967 

935089 

9042310^.3 

3i.0(//> 

9.SHK8 

in 

8+2724 

773620632 

30.2985 

9jm 

968 

937024 

907039212 

31.1127 

9.8722 

19 

844561 

776151559 

30.3150 

9.7224 

9G9 

938961 

909853209 

31.1288 

9.8956 

20 

S+fifHO 

7786880G0 

30.3315 

9-7259 

970 

94LJiyOo 

912673000 

31.1448 

9.8990 

21 

S4824I 

781229961 

30*3480 

9.7294 

97» 

942R41 

915498/^-n 

3i.t'iCT/ 

t).f?cn4 

22 

B5QOS4 

783777448 

30.3645 

9.7329 

97i 

944784 

9 I S3 30048 

3i.i7^if> 

9.f/>58 

Zj 

851929 

786330467 

10.3809 

9.7364 

973 

946729 

921167317 

31  "929 

9'P92 

H 

853776 

7S8S89024 

30.3974 

9-7400 

974 

948676 

914010424 

3i.2oyo 

9.9126 

^ 

855621 

791453 «^> 

30413^ 

9  7435 

975 

950625 

926859375 

31.2250 

9,9160 

36 

857476 

794022776 

30.4302 

97470 

976 

952576 

92971417^' 

31.2410 

99194 

27 

859329 

796597983 

30.4467 

9750> 

977 

954529 

932574833 

31.2^70 

9.9227 

28 

8611^4 

799178752 

30.4631 

9.7340 

978 

9564H4 

93544*352 

31.2710 

9.926* 

^ 

B630+1 

801765039 

30^795 

97575 

979 

958441 

.93^*313739 

3'-28'/> 

9.9195 

30 

ES^goo 

80435700^ 

304959 

9.7610 

980 

960400 

941192000 

3i.3o;o 

99329 

3* 

866761 

S069544Q1 

30.5123 

97''45 

9H1 

96236. 

944076141'     %l.\2r^^ 

9.9363 

3i 

8686i4 

^557568 

30.5287 

9.76H0 

9**2 

9^4124 

ff^i*/MfM     it.i^h, 

993'/' 

33 

870489 

812166237 

30.5450 

97715 

9**! 

1    9662?*^/ 

949^620^7   3n52>? 

9.9430 

34 

871356 

8147^504 

30.5614 

97750 

984 

968256 

952761904  31.36^8 

9.9464 

^1 

» 

817400375 
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ick 468,472 

3,  Bridge.  245,  250,  252,  253,  254, 
56.  267 

for  concrete 241,  272 

moments 561,  562,  563 

resolution 552,  558,  559,  560 

Is 487.495.519 

stresses 57,  141,  206,  209 

pressures  on  foundations,  236,  249, 
i86 
pressures  on  masonry,  56,  75,  236, 

i79 

stresses,  56,  57,  80,   105,   141,  209, 
362,  379.  382 
"       in  bearing    plates,    56,    75, 
236,  379 

"        "  cast  iron 65,  104 

"  concrete 520,  521 

"        "  highway  bridges,  117,  141 
hoisting   rope,   342,   443, 
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444 
lanila 


manila  rope 443 

"  miUbuildmgs 8,    57 

"        "  office  buildings.  .  .  79,  105 
"        "  railway  bridges,  173,  205, 
209 

"        "  rivets 370 

"        "  stand-pipes 387,  382 

"  steel 495 

"        "  steel  reinforcement.  .  521 

'*        "  steel  tanks 379 

"        "  timber,  58,  138,  204,  208, 

298 

"  wire  rope. .  .342,  443,  444 

**        *'  wrought-iron,  65,  104,  495 

.or  draw 223 

1 519 

I  bronze 520 

62,  94.  95,  144,  212 

A^all 105 

'Its 105,  147.  381,  484 

? 144.  381,484 

riction,  236,  300,  301,  302,  311,  312 
•epose,  236,  300,  301,  302,  311,  312, 

nections,  65,  145,  404,  407,  408,  413, 

i74 

nections,  Cost  of 430 

tail  of 409 

t 409.575.576 

410.  416,  417.  418,  427 

tened  by  both  legs 141,  207 
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Angles,  Minimum  .  .60, 142,  143,  206,  211,  223 

Angles,  Overrun  of 221,  411 

Angles,  Starred 578 

Angles  in  tension 573 

Annealing 63,  146,  214,  217,  480 

Anthracite  coal  bin 300,  301,  302,  304 

Anthracite  coal,  Weight  of 311 

Anti-condensation  lining,  28,  29,  31,  52,  53,  59, 
439 

Anti-condensation  lining.  Cost  of 439 

Arbitration  bar 489,  490 

Arch 266 

Arch,  Masonry 271 

Arch,  Roof 13,    14 

Arris 267 

Ash  bin 300,  301 ,  302,  306 

Ashes,  Weight  of 69,  300,  311 

Ashlar 267 

Ashlar  masonry 270 

Ashlar  stone 269 

Asbestos 28,  29,  52,  53,  59,  439 

Asbestos,  Cost  of 439 

Asbestos  covered  steel  sheets 28 

Asphalt 178,  181,  182,  516 

Asphalt  paint 516 

Augur 461 

Average  cost  of  steel 433 

Backing 267,  270,  271 

Backing-out  punch 452,  462 

Ballasted  floor 178,  194 

Ballasted  floor  trestle 284 

Ballast,  Weight  of 204,  208 

Baltimore  bndge  truss 109,  560,  566 

Bars 62,  416,  426 

Bars,  Lacing 414,  598 

Minimum 60,  142,  207 

Shop  cost  of 431 

Bases,  Cast-iron  column 92,  93,  94,  104 

Bases,  Column 104 

Base  plates 62 

Batten  plates 61,  143,  211 

Batter 249,  267,  277 

Batter  of  columns 380 

Batter  pile 279 

Bay 3 

Beam  bridges,  108,  no,  117,  118,  119,  120,  121, 
149 

Beam  bridges.  Weight  of 113 

Beams 404,  407,  408,  416,  418 

Deflection  of 533 

Detaib  of 82,  407, . 
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Beams,  Flexure  in 533 

Reinforced  concret* 546 

Rolled 58,  104,  142 

Separators  for 83 

Shop  cost  of 430 

Shear  in 533,  542 

Stresses  in,  529,  536,  537,  538,  539,  540,  54i» 

„      543.  544.  545 

Beanng  pile 279 

Bearing  plate 75,  379,  586 

Bearing  power  of  piles 75,  477 

Becket 448,  480 

Bed 267 

Bed  plates 66,  144,  146,  217,  484 

Bench  wall 267 

Bending  moment 160,  529 

Bending  moment  tables 166,  167 

Bending  moments  in  railway  bridges,  163,  164, 
165,  166,  167,  171,  172 

Bending  stresses  in  wire  rope 344 

Bent 277 

Bent,  Transverse 12,  556 

Besaemsr  pig  iron 487 

Bessemer  steel 487,  494,  497,  507 

Bethlehem  H-columns 405 

Bevels 411 

Beveled  washer 571 

Bill  of  castings  for  Howe  truss 289 

material 389,  425 

rivets 400 

timber. 288,  473 

Billet-steel  reinforcement 507 

" Bite"  of  a  line 481 

Bin  gates 362 

Bins 299,  319,  362 

Bins,  Grain 319 

Bins,  Cost  of 429,  433,  434,  436 

Bins,  Cost  of  erection  of 436 

Blister  steel. 487,  493 

Blocks  for  Manila  rope 446,  448,  450 

Blocks  for  wire  rope 447,  449 

Boiler  steel 431,  505 

Bolsters 144,  212 

Bolts,  65.  95,  143,  145,  211,  216,  287,  297,  458 
Boits,  Anchor,  see  "Anchor  bolts" 

Bolts,  Fals<nvork 458 

Bolts,  Turned 65,  145 

Bond. 267,  270,  521,  526,  547 

Bond  in  concrete 521,  526,  547 

Boom 468,  469,  470,  471 

Brace,  Shop  details  of 394 

Bracing.  4,  9,  18,  55,  62,  97,  98,  100,  105,  137, 
212,  223,  361,  381 

Lateral 62,  137 

Transwrst? 9.  18,  62,  137,  223,  361 

Weight  of 4 

Wind 55.  ^>2,  98,  100,  lOT,  102 

Bracket 97 

Brass 520 

Brass,  Weight  of 69 

Hrcak-watiT 249 

Brick 428 

Brick  floor 8,    34 

Brk%  Weight  of 69,  237 


Bridge  abutments,  245,  250,  252,  253,  254,  255 

clearances 125,  137,  200' 

erection 395,  429.  441, 485 

floors,  125,  126,  133,  178,  179,  180,  181,  i& 

piers 245,  255,  257,  258.  259,  260 

Signal 157 

span,  Lx.*ngth  of 137 

specifications 137,  185,  208 

shop  cost  of 434 

trusses 107,  137,  149, 401 

trusses,  Stresses  in 558,  569 

Steel  for 499 

Timber 277, 285 

Types  of 137, 207 

Waterway  for 250 

Weight  of no,  113,  115.  150,  151, 157 

Bronze 520 

Build 267 

Building  columns 19,  20,  21,  84,93 

Floor  plan  for 81 

Foundations  for 94 

Height  of 55 

materials 69 

paper 28 

Buildings,  Specificacion  for 55,  103, 497 

Steel  office 69 

Waterproofing 7^ 

Weight  of  tall  steel 70 

Buckle  plates 132.  138,  315,  359, 360 

Bulb  angles 418 

Built-up  tension  members 574 

Bulkhead 277, 297 

Bull  whet^l 469 

Bunkers,  Suspension 3o«>,  315,  316 

Burlap 178    179,  180,  181.  182,  243 

Caisson 04 

Cages 346,  3W 

Cain's  formulas  for  retaining  wails 2,\o 

Calculation  of  stresses  in  tall  buildinjrs.  ...    7b 
Calculation  of  siresst's  in  highway  bridges,  117. 

Calculation  of  stresses  in  railway  bridges. .  164 

Camber 14,  144,  21)6,  207,  212.  213 

Camel  back  truss log,  558,  567 

Cant  hook.  . 45^ 

Cantilever  bridge ii^ 

Cantilever  beam 536 

Cap. 277.  279,  296 

Capacity  of  coal  tipples 355,  35^ 

Car  puller 337 

Car,  Push 459 

Carbon 4.S8.  494.  5U 

Carbon  steel 149.  152.  173 

Card  of  mill  extras 430,  431 

Carrying  hook   45- 

Cast  iron 65,  104,  215.  297.  3S4.  487,  48S 

column  bases 92,  93,  <M 

details 2«b,  2S7 

se[)arators ^} 

Weight  of 69 

Castings,  Steel 63.  66.  510 

Caulking 38^.  3^-  3?r 

plates 5W 
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ng,  tool 462 

t  paint 516 

t,  Specifications  for 522 

of  gravity 535 


ing. 


267 

Fugal  force 140,  205,  209 

id 535 

« 451 

ealing 480 

of 440 

els 417,418,427 

els.  Separators  for 83 

5,  Upper 61 

i  for  railway  bridge 175,  176 

»,  Shop  cost  of 434 

le  steel 495 

lium-nickel  steel 495 

ir  ends 221 

^r 367 

bin 313.317,326.333 

ilator 29,  59,  423,  427 

267 

ication  of  bars 431 

aterial 426 

«r 453 

ncc  diagram 200 

nembers 401 

dards 412,  413 

veted  members 219,  412,  413 

ory 3 

571,572 

rivets ^9,  23 

^  rivets 52 

m 300,  301,  302,  303,  304,  318 

kers 361 

cers 315,  316 

tion  of 312 

16 


>amt. 


5i( 


Ics 339,  352,  361.  363,  436 

les,  Cost  of 436 

les,  Shaking  ecjuipment  for.  353,  357,  358 

lers 361 

{ht  of 311 

ient  of  friction 236,  321 

)ins 312 

Weight  of 311 

utter 452 

M'isted  bars 508 

ns,  15,  61,  85,  93,  104,   176,  403,  404, 
►5,  406.  426,  526.  547.  579,  590 

n  l)ases 92,  93,  94,  104 

n  bases,  Pf:>ssurc  on 56 

n.  Details  of,  86,  87,  88.  89,  90,  91,  374 

n  formulas 79,  80,  533 

n.  Length  of 79.  80,  81 

n.  Loads  on 74,  104 

n  schedule 85.  94,  402,  404 

n  splices 90,  91 

ns.  Mill  building 19,  20.  21.  54 

ns,  Office  building 84,  98,  102 

ns.  Shop  cr>st  of 433 

ns.  Stresses  in 368,  521 

ns.  Timber 5^,  298 

ns,  Weight  of 4 
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Combination  highway  bridge 295,  435 

Combined  stresses.  .57,  141,  209,  531,  534,  587 

Compressive  stress 57,  527,  531 

Compression  members 61,  141,  143 

Compression  flanges 142 

Compression  formulas 79 

Concrete 56,  266,  428 

Abutment 245 

Aggrcgage 241 

Details  of  constoiction  of 275 

floor 8,  32,  33,  54,  132,  179,  180 

in  foundations 386 

Ingredients  in 237 

Mixing 240 

Proportions  of 273 

retaining  walls 234,  238,  239,  241 

Specifications  for 272 

Strength  of 520 

Weight  of 69,  204,  208,  237,  381 

Connection  ang*es,  65,  145,  404,  407,  408,  413, 

^      574,  595 

Conductors 423,  427 

Connections 60 

Connections,  Clearance  for 412,  413 

Connections,  Field 216 

Floorbeam 183,  184,  185 

Strength  of 142 

Shop  cost  of 430 

Connecting  bar 453,  461 

Conductors 26,  59 

Contents  of  abutments 254,  255 

Contents  of  piers 258,  259 

Contents  of  retaining  walls 240 

Continuous  beams 543,  544,  545 

Continuous  sash 42 

Conventional  signs  for  materials 399 

Conventional  signs  for  rivets 3981- 

Conveyors 334.  335 

Cooper's  Conventional  loading,  151,  159,  162, 
163,  164,  165,  166,  167,  168,  172 

Cooper's  abutments 254 

Cooper's  piers 255,  261 

Cooper  hitch 571 

Cop?. 407 

Cope  chisel 453 

Coping 267,  270 

Coulomb's  theory 225,  227 

Copper 519 

rivets 23,  52 

steel 495 

Weight  of 69 

Comer  finish 59 

Cornice 26,  52,  59 

Corrosion  of  iron  or  steel 513 

Corrugated  steel,  15,  52,  56,  59.  320,  423,  427, 
456 

plans 51 

roofing 27,  28,  51,  586 

Cost  of 429.  439 

Details  of 22,  23,  24 

door 44 

fastenings 19 

Minimum  thickness  of 8 

Safe  loads  for 23 
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Corrugated  steel,  shear 456,  460 

tools 456 

Weight  of 4.  25 

Corrugated  iron  floor 34 

Cost  of  drafting 429 

erection 347.  436.  437,  438 

erection  of  tubular  piers 437 

erection  of  steel  head  frame 347 

floors 439 

laying  corrugated  steel 439 

material 428,  440 

mill  extras 430 

painting 430.  433.  43^ 

roofing 439 

riveting 436,  437.  43^ 

tar  and  gravel  roofing 32,  439 

tile  roofing 31 

steel  grain  elevators 337 

structural  steel 425,  428,  429 

Counters 142,  206,  210 

Counterbalanced  windows 39 

Counterfort  retaining  wall 239 

Couple 527 

Course 267 

Coursed 267 

Cover  plates 220 

Crab 442,  443 

Cramps 267 

Crane  girders. .  ^' 54,  426,  542 

Crane  posts 61 

Cross  frame 224 

Cross-eyed  fuller 462 

Cross-grain 278 

Crow  bar 453 

Culvert 206,  271.  435 

Culverts,  Shop  cost  of 435 

Culverts,  Walcn\ay  for 250 

Cuppers 453 

Cutting  to  exact  length 430 

Cut-water 249 

Curb 138 

Cylinrler  piers 255,  260,  261,  265 

Cylinder  piers,  Shop  cost  of 435 

Dead  loads,  55,  116,  F39,  202,  204,  207,  208, 

Dead  loads  of  office  buildings 70 

Dead  load  stresses 553,  556 

D^ad  man 470 

Deck  l>eams 418 

Deck  plate  girders 400 

Deck  truss,  Slressirs  in 566 

Deep  bins 311,  319,  325 

DclltMrtion  of  bcanm.  530,  533,  536,  537,  538, 

539,  540.  541.  543.  544.  545 

Deformation 527,  532 

Deformed  bars 5o«,  509 

Delta  metal 520 

I^'pth  of  bridge  trusses 125 

De[>ch  of  i)!ate  girders 210 

Depth  «'f  trusses 210 

Derrick  car ^70,  480,  481 

Derrick  crab 442 

Derricks 480 


Design  of  bearing  plates 586 

bins 313, 326 

columns 579 

end-post 587 

floorlx^am 590 

I-beam 580 

lacing  bars 598 

pins; 584 

plate  girders 581 

railway  bridges 219 

retaining  walls 231,  232,234 

rollers 579 

steel  details 571 

stand-pipes 381 

Design  drawings 421 

Design  for  flexural  stress 579 

Detail  noies 410 

Details  of  angle  struts 409 

beams 82,  333,  407, 408 

framework 85 

bridges 1 19,  120. 1:5 

columns,  19,  20,  21,  86,  87,  88,  89,  90,91 

Cost  of 429 

end-post 596 

head  frames 347,  348,  349,  35° 

oflice  buildings 103 

roof  trusses,  16,  17,  18,  390,  391,  392,393 

stand-pipes 369,  371,  379 

tanks 369 

top  chord 397 

wall  construction 9^ 

wind  bracing 9^ 

Diagonal  stresses S^^ 

Diagonal  tension 53^ 

Diamond  point 4.^ 

Dimension  stone -''7 

Disc  pile ^79 

Dolly 454.  455.  456.  4<>i 

Door 43,  60.  329,  422.  42.^,  440 

Door  track 4^ 

Dote 279 

Dowol 2('y^\  2" 

Draft 2t^ 

Drafting,  Cost  of 4^9 

Drafting,  Structural 3^*^ 

Drainage  table 251 

Drainage  for  highway  bridge  (hxjrs 13^ 

Draw,  Allowance  for 223 

Draw  spans 

Dressing  stone 

Drift  bolt 277,  282,  283,  2S4. 

Drift  pin 3S6,  452, 

Drifting 

Duchemin's  formula 

Dumi)ing  devices 3^3 

Dun's  drainage  table. -5^ 

Dry  masonry 271 


157 
2(^ 
2u7 
402 
4'^4 


Earth,  Weight  of 69.  237 

Eave  strut 9.  23,  49-  5^^ 

Eave  strut.  Shop  cost  of 433 

Eccentricity 222 

I'-ccentric  loads 142.  5.>4 

Eccentric  riveted  connections 5^5 
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c  design 125,  174 

lanetl 66,  145 

tances  of  rivets 60,  143,  210 

tes 415,  420,  421,  422 

i  of  tackle 447,  451 

^ 527 

mit 496,  528 

•ailway  l^ridgcs 115,  139 

ight  pole 136 

?  for  grain  bins 334 

tanks 365,  379 

:  stress 531 

m  of  stt^l 62,  63,  496 

)n  of  wrought  iron 491,  492,  496 

jrv'ice 483 

ing  materials 487 

ing 212 

Ructions  for  I-lx?ams 595 

lections  for  top  chord 593 

,  Bending  in 222 

of 587 

i  of 196,  396 

rs. 163,  164,  165 

nt  uniform  loads 151,  159 

diagram 389,  395 

r  mill  buildings 408 

400 

of  armory 479 

;t*s 147,  437,  438,  441,  483 

igated  steel 439 

frames 363 

'  girders 441 

1-pipes 386 

67,  100,  411,  441 

frame  buildings 436 

lar  piers 437 

Specifications  for 483 

:tions  for 479 

:ion  of  bridge 485 

tools 443,  448  to  467 

5 348,425 

»  of  abutments,  250,  252,  253,  254, 
5,256 

' 317 

tipples 352 

frames 346 

I  elevators 328 

«v'ay  bridges,  127,  128,  129,  130,  131 

*  buildings loi 

'  girders 184,  189,  190 

•ay  bridges,   185,   191,   192,  193,  194, 
6,  197,  198,  199 

ning  walls 237 

mill  buildings,  48,  49,  50,  51,  52,  53,  54 
n,  104,  133,  144,  206,  211,  212.  423, 

n  joints 243,  268,  382 

n  njllcrs 579 

?nts  on  grain  pressure ^25 

268 

,  62,  66,  144,  145,  207,  213,  216,  217, 

571,573 

,  Shop  cost  of.  ... 434 

s  in 586 


Eye-bars,  Tests 147,  218,  505 

Weight  of 573 

Eye-bar  hook 457 

Fabrication  of  steel,  Inspection 518 

Face 268 

Facing 268 

Factor  of  safety 527 

Factory  ribbed  glass 8,  41 

Fall  line  ball 448 

Fall  lines 468,  469,  470,  471 

Falsework 473,  476,  483 

Cost  of  erection  of 437 

Falsework  piles 281 

Falsework  plans 389 

Falsework  tx)lts 458 

Fastening  angles 141,  207 

Fence 134,  135,  136 

Fence,  Shop  cost  of 434 

Felloe  guard 134,  135,  136 

Felt  and  asphalt 4 

Field  bolts.  . 58,  143 

Field  connections 66,  67,  145,  216,  484 

paint 516 

rivets 58,  66,  146,  217,  400,  467 

rivets,  Number  of 437,  438 

riveting 106 

Filler  plates 65,  144,  145,  211,  216 

Filler  rings 143 

Final  set 268 

Fink  trusses 9,  10 

Firebox  steel 431 

Fireproofing 69 

Fireproof  construction 69 

Fish  plate 277 

Fixed  beam 540 

bearings 144 

sash 4l»  42 

Flange  plates 60,  142 

rivets 142,  210,  221 

splices 220,  584 

steel 431 

Flashiqg,  Stack 29 

Flashing 52,  59,  427 

Flat  plates 313,  535 

Flemish  bond 267 

Flexure 529 

in  Ix^ams 533 

Flexure,  Members  in 579 

Flexure  and  direct  stress 534 

Floors.  .    33,  34,  329,  439 

(  ost  of 439 

Highway  bridge 125,  126,  132 

Live  loads  for 71,    73 

Plank 138 

for  railway  bridges 176,  194,  204,  208 

Shop 8 

Sjx'cifications  for 32 

Timber 35 

Waterproofing   bridge,    133,    178,    179,    180, 
181.  182 

Floor  {lanels 99 

Fl(H)r  plans 81,  85,  99,  402,  403 

Flooring,  steel  plate 34 
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Floorbeam  connection 590 

Floorbeam  reactions 163,  164,  165 

Floorbeam,  Design  of 590 

Floorbeams 82,  105,  212,  216,  222 

Floorbcams  for  highway  bridge 138 

Floorbeams  for  railway  bridges  . .  183,  184,  185 

Floorbeams,  Shop  cost  of 434 

Weight  of Ill 

Flush 268 

Footing 268 

Footwalks 137 

Forces 527/ 

Forked  ends 211 

Forms 237,  241,  243,  268,  274 

Foundations,  53,  54,  56,  75,  95,  100,  104,  268, 
^      334.. 372.  386 

Foundations,  Pressure  on,  232,  234,  236,  247, 
248,  249,  250 

Foundation  plan 389 

Frame  trestle 277,  288 

Framework  of  steel  frame  buildings,  9,  49,  53 

Framework  of  office  buildings 85 

Freezing  weather.  Placing  concrete  in,  240,  243, 

274 

Freight 433 

Freight  rates 438 

Friction,  Coefficient  of 236 

Friction  on  bin  walls 312 

Friction  of  wheat 321 

Frost-proofing 373,  381 

Fuller 462 

Fuller's  rule 240 

Gallows  frame 472 

Gantry  traveler 472,  474,  475 

Garners 337 

Gaspipe,  Cost  of 440 

Gates,  Bm 362 

Gin  pole 468,  470,  480 

Girders,  Beam 404,  407,  408 

Circular 367 

Crane 54 

Plate 57,58 

Riveted 400,  403 

Girder  hook 457,  481 

Girts 3,   9,    14,   50,   56,   62,   277,   297 

Spacing  of 59 

Weight  of 4 

Glass 8,  36,  37,  38,  60 

Glass  roof  tile 31 

Glass,  Weight  of 69 

Glazing 41 

Grain  elevator 319,  337,  433,  434 

Grain  bins 319,  325 

Grain  shovel 337 

(ioose  neck 471,  480 

Gordon's  formula So 

Graphic  moments 561 

(irai)hic  resolution 552,  558,  559 

Graphite  paint 67 

(irilla^a* 94 

Grout 268 

Guard  rail 177,  277,  2H1,  284,  287,  297  . 

Guard  timbers 139,  277,  281 


Gusset  plate 219 

Gutters 23.  26,  59,  423.  427 

Guy  derrick 468,  469,  472 

Hacked  bolt 95 

Handle  gouge 452, 462 

Hammer.  * 279 

Hand  holes 222 

Hand  gouge 452 

Handrailing 137 

Head  frames 339,  346, 436 

Head  sheaves 363 

Head  works  for  mines 339 

Heart  wood 278 

Heating  shop  buildings 8 

Highway  bridges 107 

Highway  bridge  abutments 256 

Highway  bridges,  Allowable  stresses  in,  117, 141 

Classes  of  137 

Combination 295 

Examples  of 127,  128,  129,  130,  131 

Erection  of 147 

Shop  cost  of , 435 

Field  rivets  in 437 

Floors  for 125,  126,  132,  138 

Floorbeams  for 138 

Headroom  for 137 

Impact  for n7i  U^ 

Joists  and  stringers  for 138 

Loads  for 1 10, 116 

Painting 146, 147 

Piers  for 261 

Plate  girder 121,  123.  124 

Railing  for 137 

Sidewalks  for 113,  137 

Rollers  for 133,  135 

Spacing  of  trusses  for 137 

Specifications  for 137 

Stress(?s  in..  .  .117,  118,  119,  120,  121,  557 

Timber 292 

Types  of 107,  115,  137 

Weight  of no.  115 

Header 268,  270 

Hoist 443 

Hoisting 339 

Hoisting  blocks 446,  447,  448,  449,  45^ 

Hoisting  engine 442,  443 

Hoisting  rope 341.  350,  360,  443,  444.  4^*0 

Hooks,  Stresses  in 533 

Hopi)er  bins 312,  316,  317,  3»8 

Hot  twisted  bars 509 

Howe  truss 10,  109,  286,  287,  290,  291 

Howe  truss,  Cost  of  metal  in 436 

Hub  guard 134,  135.  136 

Hut  ton's  formula  for  wind  pressure 5 

Hyperbolic  logarithms 322 

I-Beams 427.  580 

Impact 161,  204,  205,  208,  528.  529 

Impact  on  office  buildings 72,  103 

Impact  formulas 161 

Impact  on  highway  bridges 117.  M^ 

Impact  on  railway  bridges.  .  161,  204,  205,  2(^ 
Impact  on  timber 298 
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.144, 211 
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"CSS 62,  207,  381 

n  of  steel  at  mill 215 

je  erection 485 

je  material 217 

67,  105,  146,517.518 

jns  for  erection  of  structural  steel,  479 

lating 426 

jction  of  steel 517 

iate  sill 277 

268 


. 218 

rosion  of 513 

e 514 

ils  for  Howe  truss,  286,  287,  289,  291 

igcrs 277,  297 

•  •:••.•••/ ."u. ^59 

solution  for  stresses  m  bms 319 

66,268 

concrete 275 

highway  bridges 138 

*s  modified  saw  tooth  roof,  9, 1 1, 44, 48 

ich 455 

ce 97 

••••.: ^78 

mamla  rope 444,  445 

irs,  61,  65.  143, 145,  211,  216,  414,  598 

irs,  Design  of 598 

373.  374.  376,  377.  378.  381,  383 

268 

: 275 

=k 514 

stage 363 

orrugated  steel 59 

racing 62,  149,  223 

tions 372.373.374 

571 

e 321 

Weight  of Ill 

ars,  see  "Lacing  bars" 

; 519 

d ; 514 

Mght  of 69 

279 

le 108 

)f  angles 417,  418 

nels. 418 

ams 418,  430,  431,  432 

« 418,  419,  420,  421,  422 

f  columns 79,    80 

>re8sion  members,  61,  141,  209,  363, 
9 

55 

shop  drawings 398 

268 

ipacity  of  tackle 449,  450 

•awings 389 

ion  tools 463,  464,  465,  466,  467 

» 389 


PAGB 

Linseed  oil 514 

Live  loads 70,  139 

Live  loads  on  columns 74,  104 

floors 73 

highways  bridges 116 

ofnce-buildings 7i»  72,  103 

railway  bridges 202,  205,  208 

Live  load  stresses 563 

Loads 55.  70,  73.  361 

Minimum 7.  56,  74,  104 

Snow 4,    72 

Wind 5,    72 

Loads  on  bin  walls 324 

columns 74,  104 

foundations 56,  75,  104,  236,  249 

highway  bridges no,  116,  139,  140 

masonry 56 

office  buildings 70,  103 

P^es. 57.477 

railway  bridges 151 ,  209 

roofs 74 

stand-pips 382,  387 

timber  floors 35 

Lock 268 

Locks 270 

Logarithms,  HyjDerbolic 322 

Locomotives,  Heaviest 154 

Locomotives,  Weight  of 154,  205 

Long  rivets 143,  211 

Longitudinal  braces 296 

forces 141 

strut 277 

X-brace 277 

Loop  bars 571,  572 

Louvres,  3,  12,  24,  43,  44,  52,  59,  423.  427 

Machinery  loads 362 

Manhole 378 

Malleable  castings 487,  488 

Manila  rojDe 440,  443,  480 

Manganese 488,  494 

Manganese  Bronze 520 

Manufacture  of  cast-iron 488 

steel 493 

wrought-iron 489 

Marking  diagram 395 

Maul 452,  462 

Masonry 56,  520 

abutments,  245,  246,  250,  252,  253,  254,  255, 
256 

Classification  of 266 

Dressing  of 266,  267 

piers 261 

Plan 389 
re&sure  on,  56,  75,  104,  141,  209,  236,  542 

retaining  walls 234,  238 

Specifications  for 269  . 

Weight  of 96 

Ma*t 468,  469,  471 

Mastic,  Asphalt 181,  183 

Material,  (Classification  of 426 

Conventional  signs  for 399 

Bn^neering 487 

Estimating 426 
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Material,  Ordering 415,  416,  417 

Weight  of 69,  237 

Maximum  bending  moments  in  beam,  160,  542 
Maximum  bending  moments  in  bridges,  163, 

164,  165 
Maximum  length  of  member,  61,  141,  209,  363, 

379 

diameter  of  rivet 143 

stresses 160,  558 

Merchandis3,  Weight  of 73 

Metal,  Minimum  thickness  of 142,  210 

Mill  building  columns 15,  19,  20,  21 

Mill  buildings.  Cost  of  details  of 429 

Cost  of 433 

Design  drawings  for 421 

Erection  plans  for 408 

Erection  of 441 

Estimates  for 425 

Walls  for 7 

Mill  extras.  Cost  of 430,  431 

Mill  inspection  of  steel 146 

Mill  orders 67 

Milling  plates 432 

Minimum  angles 8,  60,  143,  206,  211,  223 

bar 207 

loads 56,  74,  104 

thickness  of  corrugated  steel 8 

thickness  of  metal,  8,  105,  142,  210,  363,  380, 
382,  387 

sections 60 

Mine  buildings 8,  436 

Misfits 484 

Mixing  concrete 240,  242,  274 

Modulus  of  elasticity 528 

Moments  in  continuous  beams 544 

Moments  of  forces 527 

Moments  in   railway  bridges,    163,    164,    165, 

171,  172,  174 
Moment  of  inertia,  530,  535,  548.  549,  550,  551 

Moment  splices 220 

Moment  table 167 

Monitor  ventilator 3.  4'.  43.  59 

Mortar .' 268,  269 

Muntin 38,  39,  40,  41,  42,  43 

Nails,  Cost  of 440 

Naperian  logarithms 322 

Natural  bed 268 

Natural  cement 522 

Net  sections 60,  61,  141,  206,  210,  220 

Neutral  axis 529 

Neutral  surface 529 

Newel  posts 135,  136 

Nickel 519 

Nickel  steel 149,  152,  173,  495,  496,  502 

Nigger  head 442 

Nuts,  Pilot 66 

Oblong  steel  pier 263,  265 

Office  buildings 69,  402 

Calculation  of  stresses  in 76 

Columns  for,  98,  102,  104.  402.  403,  404, 

405,  406 
Cost  oi 433,  436 


Office  buildings,  Erection  of io« 

Estimates  for ' 

Floorbeams  for 99,  ro« 

Floor  plans  of 99,  40J 

Foundations  for 

Loads  on 70,  7J 

Spandrel  sections  for 

Specifications  for 

Oil  pamt 

Oil  tanks 

Old  man 456 

Open-hearth  steel,  62,  487,  494,  497,  499, 

505.  507 

Ordering  material 415,  416 

Ore  bins 

pockets 

Weight  of 

Out  of  wind 

Overrun  of  angles 221,  222 

Packing  block 

pins 

spool 

Paint. 207,  440.  513 

Pamt,  Amount  of 440 

Cost  of 

Proportions  of 

Painting,  31,  67,  146,  147,  217,  329,  363. 
387,  430,  484,  515 

Painting,  Cost  of 

Panel 

Paneis,  Floor 

Panel,  Length  of 125 

Parapet 

Paving 2^^ 

Pedestals,   133.   144,   184,    186,    187,   I^^. 
190.  191,  193,  194,  197,  423,  424 

Petit  bridge  truss 109,  558,  562,  564. 

Phosphorus 62,  4v^^. 

Phosphor  bronze 

Piers,  Bridge 245,  248, 

Pig  iron 

Piles 57,  279,  2g6. 

Piles,  Bearing  power  of 

Sjx^cifications  for 

Pile  driver 279. 

foundations 

trestles 277,  281. 

Pipe,  Design  of 532,  534. 

Pilot  nuts 66,  146,  217,  4'>7. 

Pilot  points 146,  217.  407. 

Pins,  58,  61,  62,  66,  143.  146,  210,  211,  217. 
Pins,  Cost  of 

Design  of 

Pin  holes 66,  146 

packing 

plates 61,  14,;. 

Pin-connected  trusses,  121,  129,  130,  131. 
197.  402.  435 

Pin  maul 

Pitch 3. 

Pitch  of  roof 14.  ^^^ 

Pitch  of  rivets 60,  142   X43' 

Pitch  pockets 
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Streaks 278 

ed... 268 

cd  windows 40 

ed  sash 36,  37,    41 

ig  concrete 240,  243,  274 

55 

i,  Shop 67,  147,  218 

I  of  structures 81,  85,  389 

ng 65 

ng  edges 66 

ng  metal 400 

Floor 85 

c,  Floor 126,  138 

ered  ceiling,  Weight  of 4»  69 

er  walls 53 

■ 416,  419,  420,  421,  422,  426 

tten 61 ,  443 

se 62,  144,  146,  586 

ckle 315 

^t 313 

lor 194 

lers 65,  211 

nimum  thickness  of 380,  382 

1 61,  143,  211 

.*ared 415,  419,  420,  422 

ice 65,  145 

; 61,  211 

iversal  mill 415,  420,  421,  422 

til 105,  144,  212 

ib -. ..' 65,  142 

girders.  54,  57,  58,  no,  142,  149,  206, 
210  212,  433,  435.  534,  581 

'Ost  of 433,435 

>esign  of 220,  534,  581 

erection  of 441 

Examples 1 84 

•*ield  rivets  in 438 

'"langes  in 220 

girder  highway  bridges,  115, 121, 123,  124 

•ailway  bridges 173,  174,  175,  203,  400 

veieht  of...  ..150,  151,  152,  153,  155,  158 

ler  s  experiments 321 

ing 268,  269 

on  s  ratio.  . 528 

Electric  light 136 

trusses 213 

tls 97.  149.  193.  198,  212 

lIs,  Stresses  in 563,  569 

and  cement 267,  522,  523 

\mount  of 240 

Daint 516 

Specifications  for 522 

»•••• 277,296 

St  of 434 

wel 135.  136 

:  truss.  .  .  .10,  107,  108,  109,  121,  122,  565 

iure  on  bin  walls 302 

•ure  on  foundations 75 

ure  of  grain 325 

iure  on  masonry 5^>.  75.  104 

-ure  on  retaining  walls 225 

uct  of  inertia 535 

ortions  of  concrete 240,  273 

hing 216,430 
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Purchase  ring 457 

Purlin,  3,  4,  9,  26,  27,  49,  50.  53,  54,  55,  56, 

59.62 
Push  car 459 

Quicksand 249 

Radius  of  gyration 548,  549,  550,  551 

Rafter 3,  18,  50 

Rail  jack 459 

Rails,  Cost  of 440 

Rails,  Fastenings  for 204,  208 

Rail  steel  reinforcement 509 

Railway  bridges.  Allowable  stresses  in,  173,  209 

Clearances  of 200 

Design  of 174,  219 

Details  of 175,  176 

Examples  of. 184,  185 

Field  rivets  in 438 

Floors  for 176 

Impact  on 161,  162 

Loads  on 202,  208 

Painting 217 

Piers  for 255,  257,  258,  259.  260,  265 

Piles 281 

Shop  cost 435 

Spcxrifications  for 188,  208,  483 

Steel  trestle 149 

Types  of 201 

Weight  of 150  to  158 

Rankine's  theory 225  226 

Ratchet 460 

Rate  of  hoisting 350,  360- 

Reaming 65,  66,  145,  363,  435,  484 

Ream  wrench 454 

Red  heart 279 

Red  lead-paint,  67,  207,  438,  439,  514,  515,  516 

Reinforced  concrete 521,  526,  546 

Reinforced  concrete  floor,  34,  132,  179,  180,  266 

retaining  walls 239 

Specifications  for 272 

Stresses  in 521 

walls 53 

Resilience 528,  535 

Resisting  moment 530 

Resisting  shear 529 

Retaining  walls 225,  268 

Reversal  of  stress 362 

Ridge  roll 24.  52.  59.  427 

Rigid  bracing 55,  137,  212,  361 

Rigid  members 207,  213,  222 

Rigging 447,  449,  450 

Ring 279 

Ring  dolly 455 

shake 279 

stones 268 

Riprap 268 

Rivet  buster 452,  462,  463 

clamp 456 

Clearance 412,  413 

hammer 452,  456,  462 

heads 427 

holes 65»  145 

list 389 
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Rivet  pitching  tongs 456 

snaps 452,  456,  462,  467 

spacing 60,  142,  219,410,423 

steel 62,  383,  496,  505 

sticking  tongs 456 

Rivets 58,  65,  145,  210,  219,  379 

Clinch. 23,  24 

Conventional  signs  for 398 

Diameter  of 60 

Field 55,  66,  141,  146,  217,  363,  400 

Flanp^e 142 

Maximum  diameter  of 60,  143 

Pitch  of 60,  142,  143 

Size  of 144,  215 

Riveting 145,  216,  467 

Cost  of 436,  437,  438 

bins 332,  333 

stand  pipes 387 

tanks 373.  375 

Riveted  bridges,  Examples  of,  119,  120,  127, 
128,  i^i,  194,  401 

Riveted  bndgcs.  Field  rivets  in 437,  438 

Riveted  connections. 219,  595 

joints 370.  378,  380,  532,  597 

girders 403 

tension  members 143 

Road  rollers 117,  139 

Rods , 61,  62,  416 

Rods,  Anchor « 94,    95 

Minimum  size  of 142 

Rollers,  55,  57,  63,  66,  133,  134,  141,  144,  146, 
184,  186,  188,  189,  191,  193,  194,  197,  206, 
209,  212,  217,  434,  534.  579 

Rolling  loads 542 

Roof  covering,   4,   7,    15,    18,   26,   56,   71,  74 

Roof,  Pitch,  see  pitch  of  roof 

Roof  trusses,  7,  11,  15,  16,  17,  18,  46,  49,  53, 

54.  55.  105.  354.  359.  433.  441 

Roof  trusses,  hrt^ction  of 441 

Spacing  of 14,  62 

Stresses  in 7,  552 

Types  of 9,  10 

Weight  of 3,  55 

Roof  for  steel  bin 335,  336,  337 

steel  tank 372,  375,  382 

steel  stand-pipe 382 

Roofing 23,  28,  29,  51,  423,  428,  439 

Corrugated  steel 28,  29,    51 

Cost  of 439 

Slate 29 

Tar  and  gravel 29,    32 

Tile 31 

Tin 31 

Rooster 46<> 

Rope,  Cost  of 440 

Rope,  Hoisting 341,  443,  444 

Rot 279 

Rubbed 268 

Rubble 268 

Rubble  concrete 266,  274 

Rubble  stone   271 

Rules  for  shop  drawings 391 

Rupture  strength 528 

Rust 513 


Safe  bearing  of  soils 56,  75,  236,  2 

Safe  loads  on  corrugated  steel 

floors 

piles 57, 

slabs 

Safety  hooks 3 

Siag  rod 

Sand,  Amount  in  concrete 

Sand  bin 300,  301,  y 

Sand  blast 

Sand,  Friction  of 

Sand,  Weight  of 1 

Sandstone,  Weight  of 

Sandwich  door 

Sapwood 

Sash 36, 

Sash  brace 

Saw  tooth  roof 8,9. 

Section  modulus 

Segmental  rollers 

Segmental  bottom 

Separators 83,  277,  297,  4 

Set,  Rivet 452,  456.  4 

Schneider,  C.  C 70, 

Scale  hoppers 

Screens 

Screw  bolt 

pile 

thread 66,  i. 

Shackle 4 

Shackle  bar. 

Shaft,  Torsion  in 

Shake 

Shakfng  screen 352,  355.  31 

Shallow  bins 

Shear   57,  526,  529,  531.  5- 

Shear  in  Ixjams 536 

Shear  in  bridges 164 

Shear  in  concrete 

Shear,  Elastic  deformation  due  to 

Shear  in  lacing  bars 

Shear  in  plate  girder i; 

Shear  in  rivets 

Shear,  Corrugated  steel 4; 

Shear  legs 

Sheared  plates 419,  4: 

Sheathing 3.  4.  30.  32.  53. 

Sheaves 346,  348,  350,  360,  363,  4; 

Sheet  pile 

Shipping  invoice ( 

Shim 

Shoes 133,  184,  186,  187,  188,  279,  4; 

Shop  bills 

Shop  coiit  of  paint 

Shop  CQst  of  bins 4^ 

bridges 4^ 

columns 

combination  bridges 

culverts 

cave  struts 

floorbeams 

eye-bars 

grain  bins 4^ 

Howe  truss  metal 
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3f  office  building^s 433 

e  girders 433,  435 

434 

s 434 

trusses 433 

d-pipes 433,  434 

i  mill  buildings 433 

1  head  frame 347 

::tural  steel 429 

'S 433.434 

^rs 434 

liar  piers 435 

ign  of 7 

8 55.396,397 

43 

ngs 138.  389,  400,  401,  402,  403 

ngs,  Cost  of 429 

ngs,  Rules  for 391,  398 

8,32,33,34,54,67,  147 

195.  196,  218 

i,  see  "Rivets" 

59 

"3.  "5,275 

ges 157 

488,494 

277,296 

»nstruction 69 

e 108 

346,348,362 

4,  8,  II,  38,  54.  60,  428,  440 

loads  on 547 

;ht  of 4.  30.  69 

tg 28,  29,  3a,  53,  54,  56 

ig,  Cost  of 440 

572 

r 43,46,48,60 

1 36,37 

268 

t 452,456,462,467 

'k 447.448 

umns 98 

lers 179 

55.59.62 

55.  62,  202,  203,  208 

268 

!Ctions 96,  100,  268 

thof 55 

4.56,72,553.556 

jht  of 4,  69 

268 

ns  for  cast  iron,  215^  297,  384,  488 

pples 361 

te  floor 32 

n 483 

Ig 67,  217 

id  cement 522 

ng  walls 241* 

oors 32 

269 

62,  105,  213,  272,  363,  383 

istings 510 

I  frames 361 

way  bridges I37 


Specifications  for  steel,  mill  buildings 55 

office  buildings 102 

railway  bridges 188,  208 

reinforcement 272,  507,  509 

stand-pipes 379,  386 

tanks 379,  386 

tar  and  gravel  roof 32 

timber  bridges 292 

timber  piles 281 

tubular  piers ....  257 

wrought-iron 215,  297,  491 

Spikes 297 

Splices 61,  90,  91,211,363,  584 

Splices,  Indirect 144,  211 

Splices  in  plate  girder 220,  583,  596 

Splice  plates 145,  216 

Split  bolt 95 

Spool 442,  443 

Spouts 335 

Spud 454 

Stack  collars 427 

Stack  flashing 29 

Stand-pipes 365 

Allowable  stresses  in 382 

Design  of 381 

Erection  of 442 

Painting 387 

Shop  cost  of 433,  434 

Standard  angle  connections 595 

Stark-weather 249 

Starred  angles 578 

Steamboat  jack 460 

Steamboat  ratchet 460 

Steel  bins 299,  300,  359 

castings 63,  66,  146,  213,  217,  487,  510 

coal  tipples 361 

column  bases 94 

columns 104 

Corrosion  of 513 

cylinder  piers 262 

details 571 

door 44,  46,  47,  60 

erection 67,  328,  329,  441 

estimates 425 

erain  elevators 319,  329,  337 

head  frames 339,  348,  352,  355,  359,  361 

highway  bridges .  107,  1 10,  115 

Inspection  of 67,  146,  518 

joist 138 

Steel  mill  buildings.  Allowable  stresses  in,  8,  57 

Cost  of 433.  436 

Design  of ....      7 

Erection  plan  of 408, 441 

Estimates  for 425 

Examples 49.  53,  54 

Steel,  Minimum  thickness  of 210 

Steel  office  buildings 69,  70,  81,  103 

Erection 105 

Specifications  for 103 

Weight  of 70 

Steel  plate  flooring 34 

Steel  railway  bridges 149 

Specifications  for 209 

Wdght  of 151 
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Steel  reinforcement 272,  507,  509 

Specifications  for,  62,  105,  213,  272,  363, 

383 

Steel  stand-pipe 365,  387 

Steel,  Strength  of 62 

Steel  tank 365,  380,  381 

trestle 150,  158 
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The  various  subjects  described  and  illustrated  are  ba-^ed  on  good  practical  irorlctnf 
plants  and  make  them  particularly  X'aluable  for  reference.  The  author  is  to  be  highly 
commended  for  producing  so  useful  a  book. — Mining  and  Scitntijic  Press,  July  6*  1911* 

So  far  as  we  are  aware  this  book  has  no  counterpart  in  recent  technical  literature* 

— Mints  and  Minerati,  Jul  v.  10 11^ 
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COMMENTS  OF  THE  PRESS. 

The  object  of  the  authors  as  stated  in  the  preface,  is  first  "to  provide  a  simple  and 
comprehensive  text,  designed  to  anticipate,  rather  than  replace,  the  usual  elaborate 
treatise;  second,  to  bring  the  student  into  immediate  familiarity  with  approved  surveying 
methods;  third,  to  cultivate  the  student's  skill  in  the  rare  art  of  keeping  good  field  notes 
and  making  reliable  calculations." 

In  this  the  authors  have  succeeded  admirably.  As  a  pocket  guide  to  field  practice 
for  students,  probably  nothing  better  has  been  produced.  Especially  are  the  instructions 
in  regard  to  keeping  field  notes  to  be  commended.  Many  engineers  have  found  that  it 
has  taken  years  to  obtain  this  art,  so  generally  neglected  in  the  work  of  engineering  schools. 
^^Qwnal  of  Western  Society  of  Engineers. 

The  scope  of  the  book  is  large,  and  the  various  subjects  included  are  treated  not  in  a 
descriptive  but  in  a  critical  manner.  The  book  is  well  arranged  and  is  written  in  a  clear 
condae  manner,  which  should  make  its  study  easy  and  pleasant. — Engineering  News, 

It  gives  the  student  just  the  information  he  needs.  The  book  is  a  gratif  5ring  indication 
of  the  importance  attached  to  the  cultivation  of  habits  of  neatness  and  celerity  in  the 
authors'  methods  of  instruction. — Engineering  Record, 


McGraw-Hill  Book  Company,  New  York 


^^^^H 

j 

1 

1 

THE   NBVf   YufllL  PUBUC  LIOTtAltY 
REFBBKNC8  DBrARTMBNT 

Thin  book  »  und^T  no  eir«uv»tanoe*  to  b«      ^ 
tftktto  from  tlie  Buildlajl 

■ 

•' 

.    1 

^^^^1 

' 

1 

1 

f 

1      J 

— 

* 

— ■ 

-— 

« •  »«  tit 

- 

^^^^1 

^^1 

